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1. Introduction 

In recent years, the rate of acquisition for new U.S. Army aircraft has significantly decreased.  
With less-frequent replacements, corrosion damage on aging fielded aircraft has become more 
common and poses an ever-increasing problem.  In order to mitigate further damage and to 
maintain operational readiness, the application of corrosion preventive compounds (CPCs) has 
been proposed, and in some situations has already been applied to fielded systems with or 
without proper authorization.  As a result of these increasing corrosion problems due to extended 
service lives of the systems and recent direct attention to using CPCs, an evaluation of current, 
commercially available products’ performance (vs. their manufacturer’s claimed performance) 
with respect to MIL-C-81309E (1) is needed. 

2. Experimental Procedure 

The metallic materials used for evaluation of CPCs were selected based upon representation and 
usage within rotary wing applications.  These materials were the basis for specimens used in the 
CPC evaluation.  For evaluation of general corrosion, 175 test panels measuring  
10.16 × 15.24 cm were prepared from Al 2024-T3, Mg AZ31B-H24, and 4130 steel.  The panel 
thicknesses varied from material to material depending upon commercial availability of the 
stock.  For the American Iron and Steel Institute (AISI) 4130 and Mg AZ31B-H24, 75 panels 
from each were obtained from different commercial vendors due to restrictions in commercial 
availability.  The Mg AZ31B-H24 coupons were chromate conversion-coated with the Dow 7 
process in accordance with MIL-C-13335 (2) to match their common prepainted condition.  The 
175 general corrosion test coupons of AM-355 stainless steel were not readily available in the  
10.16-cm width.  The AM-355 material evaluated was obtained directly from existing passivated 
and previously fielded original equipment manufacturer (OEM) AH-64 Apache helicopter strap 
packs and measured 3.9 × 15.24 cm.  Some of the AM-355 strap pack layers examined for use 
showed signs of previous corrosion from prior fielded mission times.  Additional care was taken 
to selectively avoid these damaged layers through sectioning of only the unaffected areas, or 
outright rejection when the damage was too extensive.  The general corrosion coupons were all 
thoroughly cleaned in acetone under ultrasonic conditions and then analytically weighed prior to 
treatment with the CPC.  The subsequent General Motors (GM) 9540P (3) accelerated cyclic 
corrosion exposure was conducted in an Attotech model cct-p cyclic corrosion chamber, pictured 
in figure 1.  The GM 9540P test consists of 18 separate stages that included the following:  
saltwater spray, high humidity exposure, drying, an ambient dwell, and elevated temperature 
heated drying.  The environmental conditions and duration of each stage for one complete 
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Figure 1.  Test chamber configuration used for GM 9540P cyclic corrosion. 

GM 9540P cycle are provided in table 1.  A standard GM 9540P test solution consisting of by 
weight 0.9% NaCl, 0.1% CaCl2, and 0.25% NaHCO3 was used.  In addition, the cyclic chamber 
was calibrated with standard steel mass loss calibration coupons as described in the  
GM 9540P test specification.  The general corrosion CPC evaluations were performed in two 
main groups with each subgroup comprising 25 specimens.  Group 1 consisted of untreated 

Table 1.  GM 9540P cyclic corrosion test details. 

Interval Description Time 
(min) 

Temperature 
(±3 °C) 

1 Ramp to salt mist 15 25 
2 Salt mist cycle 1 25 
3 Dry cycle 15 30 
4 Ramp to salt mist 70 25 
5 Salt mist cycle 1 25 
6 Dry cycle 15 30 
7 Ramp to salt mist 70 25 
8 Salt mist cycle 1 25 
9 Dry cycle 15 30 

10 Ramp to salt mist 70 25 
11 Salt mist cycle 1 25 
12 Dry cycle 15 30 
13 Ramp to humidity 15 49 
14 Humidity cycle 480 49 
15 Ramp to dry 15 60 
16 Dry cycle 480 60 
17 Ramp to ambient 15 25 
18 Ambient cycle 480 25 
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controls, Carwell AR500, CorrosionX general purpose formula, and Dexron III ATF.  Group 2 
consisted of untreated controls, Carwell AR500, and CorrosionX Aviation.  The AISI 4130 and 
Mg AZ31B-H24 panels for this group were obtained from a different source than the Group 1 
panels.  For both groups, representative initial digital images of the unexposed test panels were 
obtained using a flatbed scanner.  Due to the closed and heated nature of the GM 9540P 
procedure, all of the test panels were given a 1-day dwell period at ambient laboratory 
temperatures to allow any excess CPC to drain off as well as to ventilate any volatile solvents 
with low flash points prior to initiating the exposure.  Once testing was initiated, the untreated 
general corrosion test panels were monitored in GM 9540P until the onset of corrosion.  Upon 
the observation of corrosion, five panels from each respective CPC treatment for the corroded 
substrate were removed, ultrasonically cleaned in acetone to remove the remaining CPC and 
corrosion products, and then weighed to determine relative corrosion amounts between the 
different CPCs.  At every five cycles, subsequent to the first observation of corrosion, additional 
sets of five replicate panels for each CPC combination were removed, ultrasonically cleaned in 
acetone, and weighed.  In addition to ultrasonic cleaning, the corroded AISI 4130 steel panels 
required wire-brush mechanical action to remove the excess corrosion products these materials 
exhibited.  The test groups, their configurations, replicate panel breakdowns, and general test 
chamber layout are further presented in tables 2–4 and figures 2–4.  Crevice corrosion 
performance was evaluated using three test panels of each substrate configured in a  
sandwich-style assembly held together using Adjust-a-Clamps* adjusted to their maximum 50-lb 
loads.  In addition, Tyvek† wrapping material was used as an inert spacer material for these 
clamped crevice sandwich sets.  To introduce a cavity between the substrate sandwich layers, 
1.27-cm-diameter holes were cut-centered within the Tyvek spacers.  Figure 5 illustrates the 
components of a crevice corrosion sandwich assembly and their relative positions.  The crevice 
corrosion performance testing used 10 sandwich sets for each CPC/substrate combination 
examined.  The test panels used in the sets (210 each) measured 5.08 × 10.16 cm for all 
substrates except AM-355.  As with the general corrosion test panels, the (210) AM-355 panels 
were fabricated from actual AH-64 strap packs and each measured 3.9 × 10.16 cm within their 
respective sets.  In addition, further selectivity was applied to the AM-355 panels ensuring that 
only the most pristine surfaces were used for the center layer as well as the inward facing sides 
of the outer layers used in the crevice corrosion sandwich assemblies.  The crevice corrosion test 
panels were cleaned and weighed in a manner identical for general corrosion.  Once again, two 
different groups of CPCs were evaluated and the contents of each group were identical with their 
general corrosion counterparts.  Within each group the CPC/substrate combinations for the 
crevice corrosion testing sandwich sets were further divided into two subgroups.  For the first, 
the sandwich panels and their spacers were simply immersed in their respective liquid CPCs and 
then immediately clamped together and allowed to drip free of the excess CPC overnight prior to

                                                 
* Adjust-a-Clamp is a trademark of Pony. 
† Tyvek is a registered trademark of DuPont. 
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Table 2.  Group 1 general corrosion test panel breakdown. 

Substrate
Material 1 Cycle 6 Cycles 11 Cycles 16 Cycles 21 Cycles 26 Cycles 1 Cycle 6 Cycles 11 Cycles 16 Cycles 21 Cycles 26 Cycles

Mg AZ31B-H24 5 5 5 5 5 5 5 5 5 5
Al 2024-T3 5 5 5 5 5 5 5 5 5 5
4130 Steel 5 5 5 5 5 5 5 5 5 5

AM-355 5 5 5 5 5 5 5 5 5 5

No Treatment Carwell AR500

 

Table 3.  Group 1 general corrosion test panel breakdown (continued). 

Substrate
Material 1 Cycle 6 Cycles 11 Cycles 16 Cycles 21 Cycles 26 Cycles 1 Cycle 6 Cycles 11 Cycles 16 Cycles 21 Cycles 26 Cycles

Mg AZ31B-H24 5 5 5 5 5 5 5 5 5 5
Al 2024-T3 5 5 5 5 5 5 5 5 5 5
4130 Steel 5 5 5 5 5 5 5 5 5 5

AM-355 5 5 5 5 5 5 5 5 5 5

CorrosionX General Purpose Dexron III

 
 

Table 4.  Group 2 general corrosion test panel breakdown. 

Substrate
Material 1 Cycle 6 Cycles 11 Cycles 16 Cycles 21 Cycles 26 Cycles 1 Cycle 6 Cycles 11 Cycles 16 Cycles 21 Cycles 26 Cycles 1 Cycle 6 Cycles 11 Cycles 16 Cycles 21 Cycles 26 Cycles

Mg AZ31B-H24 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Al 2024-T3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
4130 Steel 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

AM-355 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

CorrosionX AviationNo Treatment Carwell AR500
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Figure 2.  Group 1 general corrosion test matrix schematic. 

 
Figure 3.  Group 2 general corrosion text matrix schematic. 

Figure 4.  General corrosion test panel chamber layout.



 

 6

 

Figure 5.  Crevice corrosion sandwich specimen components consisting of adjustable clamp, substrate test panels, 
and inert Tyvek spacers. 

exposure.  The CPC combinations for this assembly method and their respective group 
configurations are shown in figures 6 and 7.  For the second, the sandwich panels and their 
spacers were immersed in the GM 9540P standard test solution (previously described) and 
immediately clamped together wet.  With the untreated control sets set aside, the excess  
GM 9540P solution was allowed to drain, and the assembled sandwiches to be treated were then 
thoroughly sprayed with the respective CPCs.  CorrosionX general purpose formula and  
Dexron III were applied using a hand-operated mechanical pump plastic spray-type bottle.  
Carwell AR500 and CorrosionX Aviation formula were applied from their aerosol cans.  
Additional care was taken during CPC application to the corrosive solution-treated sandwiches to 
ensure complete coverage and distribution of the CPC treatments to the exposed edges of the 
sandwiches.  The CPC combinations for this assembly method and their respective group 
configurations are shown in figures 8 and 9.  In addition, complete sandwich-assembly breakouts 
by substrate type, CPC, and number of GM 9540P cycles are displayed in tables 5–10.  As in the 
general corrosion testing, all of the loaded sandwich assemblies were exposed under the  
GM 9540P protocol.  In order to maximize exposure to the GM 9540P solution spray cycles, the 
sandwich assemblies were all positioned within the chamber with the sandwich edges aligned 
vertically toward the direction of the GM 9540P spray nozzles.  A digital image depicting the 
general layout of the sandwich specimens is shown in figure 10.  Similar to the general corrosion 
testing, upon observation of the onset of corrosion, one from each of the assembly combinations 
was removed, ultrasonically cleaned in acetone, weighed, and then digitally scanned on a flatbed 
scanner. 

Evaluation of in-service Hydrogen Re-Embrittlement (HRE)/Stress Corrosion Cracking (SCC) of 
high-strength steel treated with different CPCs was conducted using type 1d C-ring specimens, 
all prepared from the same heat of AISI 4340 in accordance with ASTM F 519 (4).  Ten
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Figure 6.  Group 1 CPC-saturated crevice corrosion test matrix schematic. 

 
Figure 7.  Group 2 CPC-saturated crevice corrosion test matrix schematic. 

 
Figure 8.  Group 1 GM 9540P solution-soaked crevice corrosion test matrix schematic. 
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Figure 9.  Group 2 GM 9540P solution-soaked crevice corrosion test matrix schematic. 

untreated C-rings were used to determine the average fracture strength of the test specimens in 
order to calculate the 100% notch-bend fracture loading via ring deflection measurements using 
Vernier calipers.  Sensitivity calibration tests for bright and dull Cd plated C-rings, three each 
respectively, were conducted per ASTM F 519, utilizing the average fracture strength previously 
determined.  Tables 11 and 12 list the calibration parameters for the C-ring specimens used.  The 
remaining 24 C-rings were divided into three groups.  One group was treated with Carwell 
AR500, one with CorrosionX Aviation, and the final group was left untreated.  The aerosol 
versions of Carwell AR500 and CorrosionX Aviation were applied to the C-rings.  As seen in 
figure 11, the C-rings were then placed into GM 9540P cyclic corrosion with the notch side of 
the C-ring aligned vertically to ensure an unobstructed angle of the GM 9540P spray solution to 
the notched portions of the C-rings.  Upon commencement of the exposure, the C-rings were 
monitored visually, as well as sonically, for failures.  When a specimen failure was observed or 
heard, the GM 9540 cycle, the step within the cycle, and the time within the step was recorded. 
The total number of cycles to failure of each C-ring was recorded with complete cycles being 
whole numbers and partial cycles calculated as fractions based upon the 18-step GM 9540P test. 

Specific physical properties and the application and removal behavior of the CPCs were 
examined.  Concurrent to evaluation of the CPC behavior with respect to application and 
removal, observations and measurements relating to the physical characteristics of the CPCs 
such as color for identification and viscosity for application control were also performed. 
Viscosity measurements for each CPC were made using a cone/plate viscometer in accordance 
with ASTM D 4287 (5).  A representative photo of this is depicted in figure 12.  The viscometer 
was configured using a number 1 cone at 200 rpm with a 1-min gather time.  For assessment of 
surface tension effects and removal characteristics, CPCs were applied to 12-in (30.48-cm)  
× 12-in (30.48-cm) plates of aluminum (five each) and steel (five each).  The CPCs applied were 
Carwell AR500, and CorrosionX Aviation formula.  Each CPC was applied to two plates of each 
respective material.  The remaining plate from each substrate was left untreated and used as a 
comparative control.  One plate from each CPC/substrate set (four total) was left to dwell at 
room temperature for 2 days inclined at 15° from vertical on a corrosion test rack. 
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Table 5.  Group 1 crevice corrosion test assembly breakdown. 

Substrate Sandwich 
Material Preparation 2 Cycles 7 Cycles 12 Cycles 17 Cycles 22 Cycles 2 Cycles 7 Cycles 12 Cycles 17 Cycles 22 Cycles

Mg AZ31B-H24 CPC 1 1 1 1 1 1 1 1 1 1
Al 2024-T3 CPC 1 1 1 1 1 1 1 1 1 1
4130 Steel CPC 1 1 1 1 1 1 1 1 1 1

Mg AZ31B-H24 GM 9540P 1 1 1 1 1 1 1 1 1 1
Al 2024-T3 GM 9540P 1 1 1 1 1 1 1 1 1 1
4130 Steel GM 9540P 1 1 1 1 1 1 1 1 1 1

No Treatment Assemblies (3 Panels ea.) Carwell AR500 Assemblies (3 Panels ea.)

 

Table 6.  Group 1 crevice corrosion test assembly breakdown (continued). 

Substrate Sandwich 
Material Preparation 2 Cycles 7 Cycles 12 Cycles 17 Cycles 22 Cycles 2 Cycles 7 Cycles 12 Cycles 17 Cycles 22 Cycles

Mg AZ31B-H24 CPC 1 1 1 1 1 1 1 1 1 1
Al 2024-T3 CPC 1 1 1 1 1 1 1 1 1 1
4130 Steel CPC 1 1 1 1 1 1 1 1 1 1

Mg AZ31B-H24 GM 9540P 1 1 1 1 1 1 1 1 1 1
Al 2024-T3 GM 9540P 1 1 1 1 1 1 1 1 1 1
4130 Steel GM 9540P 1 1 1 1 1 1 1 1 1 1

CorrosionX General Purpose Assemblies (3 Panels ea.) Dexron III Assemblies (3 Panels ea.)

 

Table 7.  Group 1 crevice corrosion test assembly breakdown for AM-355. 

Substrate Sandwich
Material Preparation 22 Cycles 27 Cycles 32 Cycles 37 Cycles 42 Cycles 22 Cycles 27 Cycles 32 Cycles 37 Cycles 42 Cycles
AM-355 CPC 1 1 1 1 1 1 1 1 1 1
AM-355 GM 9540P 1 1 1 1 1 1 1 1 1 1

No Treatment Assemblies (3 Panels ea.) Carwell AR500 Assemblies (3 Panels ea.)

 

Table 8.  Group 1 crevice corrosion test assembly breakdown for AM-355 (continued). 

Substrate Sandwich
Material Preparation 22 Cycles 27 Cycles 32 Cycles 37 Cycles 42 Cycles 22 Cycles 27 Cycles 32 Cycles 37 Cycles 42 Cycles
AM-355 CPC 1 1 1 1 1 1 1 1 1 1
AM-355 GM 9540P 1 1 1 1 1 1 1 1 1 1

CorrosionX General Purpose Assemblies (3 Panels ea.) Dexron III Assemblies (3 Panels ea.)
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Table 9.  Group 2 crevice corrosion test assembly breakdown. 

Substrate Sandwich
Material Preparation 2 Cycles 7 Cycles 12 Cycles 17 Cycles 22 Cycles 2 Cycles 7 Cycles 12 Cycles 17 Cycles 22 Cycles 2 Cycles 7 Cycles 12 Cycles 17 Cycles 22 Cycles

Mg AZ31B-H24 CPC 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Al 2024-T3 CPC 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4130 Steel CPC 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Mg AZ31B-H24 GM 9540P 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Al 2024-T3 GM 9540P 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4130 Steel GM 9540P 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

No Treatment Assemblies (3 Panels ea.) Carwell AR500 Assemblies (3 Panels ea.) CorrosionX Aviation Assemblies (3 Panels ea.)

 

Table 10.  Group 2 crevice corrosion test assembly breakdown for AM-355. 

Substrate Sandwich
Material Preparation 22 Cycles 27 Cycles 32 Cycles 37 Cycles 42 Cycles 22 Cycles 27 Cycles 32 Cycles 37 Cycles 42 Cycles 22 Cycles 27 Cycles 32 Cycles 37 Cycles 42 Cycles
AM-355 CPC 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
AM-355 GM 9540P 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

No Treatment Assemblies (3 Panels ea.) Carwell AR500 Assemblies (3 Panels ea.) CorrosionX Aviation Assemblies (3 Panels ea.)

 

Figure 10.  Crevice corrosion sandwich specimen chamber layout. 
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Table 11.  Determination of average UTS deflection for type 1d C-rings. 

Type 1d Specimens – C-Rings – UTS Determination 
Specimen No. Final Width at Fracture 

(in) 
Beginning Width 

(in) Deflection (∆) 

1 1.839 1.964 0.125 
2 1.840 1.960 0.120 
3 1.843 1.966 0.123 
4 1.833 1.962 0.129 
5 1.832 1.962 0.130 
6 1.841 1.963 0.122 
7 1.830 1.957 0.127 
8 1.836 1.956 0.120 
9 1.838 1.958 0.120 

10 1.829 1.959 0.130 
   Avg. 0.125 
   All within 0.005 of Avg. 
   65% = 0.0813 
   75% = 0.0938 

 

Table 12.  Sensitivity calibration data for Cd plated type 1d C-rings.  

Type 1d Specimens – Cd Plated-Notched Rods – Sensitivity Calibration 
Specimen No. 

 
Loaded Width 

(in) 
Beginning Width 

(in) 
Hours Until Failure 

Bright 1 1.868 1.962 <1 
Bright 2 1.874 1.968 <1 
Bright 3 1.873 1.967 <1 
Dull 1 1.871 1.965 <4 
Dull 2 1.867 1.961 <4 
Dull 3 1.874 1.968 <20 
Dull 4a 1.872 1.966 <3 
Dull 5 a 1.874 1.968 <3 
Dull 6 a 1.872 1.966 <3 
Dull 7 a 1.866 1.960 <2 
Dull 8 a 1.869 1.963 <2 
Plain 1 1.870 1.964 Did not fail 
Plain 2 1.865 1.959 Did not fail 

a Cd Plating processed at NAVAIR, Patuxent River, MD. 

 
Figure 11.  Type 1d C-rings laded at 65% notch-bend fracture displacement 

prior to GM 9540P exposure. 
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Figure 12.  Cone/plate viscometer 

(ASTM D 4287). 

The other plate from each CPC/substrate set was similarly inclined on a test rack and was placed 
into a chamber and heated in a 60 ºC dry cycle for 2 days.  Upon removal, all of the plates 
(including the untreated controls) were gently sprayed with deionized water and digitally 
photographed for baseline assessment of any change in surface tension from the presence of 
residual CPC.  The CPC plates were then pressure-washed using environmentally friendly 
Simonize Super Power Wash* detergent at 120 ºF (49 ºC) at roughly a 30º from vertical incident 
angle.  After the pressure wash, the plates were rinsed and once again digitally photographed and 
compared to the untreated controls to assess the degree of CPC removal.  Pressure washing, 
rinsing, and photographing stages were repeated as necessary until full removal of CPC had 
occurred.  Additionally, further characterization of the physical nature or “tackiness” of the CPC 
film layer was assessed using ASTM D 4366 (6) pendulum damping tests.  A König Pendulum 
Tester, pictured in figure 13, was used.  The apparatus consists of a pendulum resting on two 
rocker bearings contacting the surface being studied.  The pendulum is inclined 6º from vertical 
and then allowed to rock freely from side to side.  The pendulum oscillations are then counted 
until they decay to 3º from vertical.  Highly polished and uniformly flat Carerra glass test panels 
were used as surfaces for evaluating the CPCs.  As with the pressure-washed plates, the two 
CPCs used were Carwell AR500, and CorrosionX Aviation.  CPC films were applied equally to 
horizontal glass in accordance with Practice E of ASTM D 823 (7) using a Bird-type 2.5-mil-
calibrated drawdown wet-film thickness applicator shown in figure 14 that produced uniform 
1.25-mil-thick CPC films as it traversed across the test surface.  Two glass panels were prepared 
for each of the CPCs using this method.  One glass panel of each CPC was allowed to dwell

                                                 
* Super Power Wash is a registered trademark of Simoniz. 
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Figure 13.  König pendulum damping 

coating hardness test apparatus 
(ASTM D 4366). 

 
Figure 14.  Bird-type drawdown thickness applicator (actual size); ASTM D 823 (practice E). 

horizontally under ambient laboratory conditions, the other was placed horizontally into the  
60 ºC dry cycle stage of GM 9540P.  One additional glass panel with no treatment applied was 
used as a control.  Pendulum oscillation measurements were recorded immediately after 
applications, after one day of dwell, two days of dwell, and after one week of dwell time in each 
environment (standard laboratory conditions and the GM 9540P heated dry cycle).  Three 
measurements were collected for each panel at each interval. 
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3. Results 

3.1 General Corrosion 

Among the two groups exposed under GM 9540P, the corrosion varied between the  
like-substrate materials obtained from different sources.  Despite these batch differences, the 
relative order of performance between the CPCs was largely maintained.  Figures depicting the 
mass loss trends vs. cycles in GM 9540P among the CPCs tested correlated well for 4130 steel 
but were not as reliable for the other alloys.  There existed a lack of corrosion in the case of  
AM-355, and inconsistent mass losses or gains due to localized variations in the corrosion 
products formed on aluminum and magnesium.  For these materials, digital imaging through 
flatbed scanning methods ultimately proved to be the best method for documentation of the 
relative performance of the CPCs.   

For group 1 (composed of Carwell AR500, CorrosionX general purpose formula, Dexron III, and 
the untreated controls), the Carwell AR500 exhibited the best overall suppression of corrosion on 
all of the alloys.  CorrosionX general purpose formula also provided good protection, though it 
was significantly less than the Carwell AR500.  This trend existed across all substrates.  For 
4130 steel, the Dexron III provided little or no corrosion inhibition when compared with the 
untreated controls upon initial observation at one cycle and actually performed worse with 
respect to weight loss after six cycles and in all subsequent measurements.  Figure 15 plots the 
4130 steel panel mass loss vs. the number of GM 9540P cycles elapsed.  For the aluminum and 
magnesium substrates, the Dexron III showed improvement vs. the controls after the initial cycle 
but subsequently showed little or no benefit when compared with the untreated controls after six 
cycles.  Despite the variation from panel to panel on the AM-355 stainless steel specimens, all of 
the CPCs including the Dexron III provided improvement in corrosion resistance vs. the 
untreated panels that exhibited greater variation in the overall amount of corrosion than the 
treated panels.  Representative scans of the five replicates of each of the CPC treatments for 
every substrate after removal from the GM 9540P testing chamber are presented in  
figures 16–19.  Raw general corrosion mass loss data for group 1 is listed in tables 13–28.  

For group 2 (consisting of Carwell AR500, Corrosion X Aviation, and the controls), the Carwell 
product once again provided the best protection.  Surprisingly, the CorrosionX Aviation formula 
did not seem to exhibit superior performance when compared relative to the respective 
performance of general purpose CorrosionX formula within group 1.  For 4130 steel, the 
CorrosionX Aviation appeared to have increased the mass loss vs. the untreated controls after the 
11th cycle as observed in figure 20.  Similar to group 1, final representative scans depicting the 
relative corrosion amounts for the different CPCs are presented in figures 21–24.  Raw general 
corrosion test coupon mass loss data for group 2 are listed in tables 29–40. 
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Figure 15.  Group 1 average mass losses vs. cycles of GM 9540P for general corrosion 

of AISI 4130 steel. 

3.2 Crevice Corrosion 

Despite some group 1 to group 2 variability among like materials from different supply sources 
treated with the same CPC, the CPCs’ order of performance was apparently consistent for the 
two different supply sources when evaluated in sandwich crevice corrosion.  In contrast to the 
results from the general corrosion testing, the CorrosionX products (general and aviation) both 
outperformed the other CPCs and the respective controls for all substrate materials.  This trend 
existed for both the CPC-immersed and the GM 9540P corrosive solution-immersed sandwich 
assemblies.  For the AM-355, CorrosionX general purpose formula left behind faint whitish 
staining that was present and visible even after cleaning.  For both groups, the Carwell AR500 
CPC-immersed sandwich sets outperformed the untreated controls for all substrate materials.  
The Dexron III-immersed sandwiches from group 1 also performed better than the untreated 
controls.  For group 1, comparing the Carwell AR500 and Dexron III-immersed sandwiches as 
well as GM 9540P solution-dipped sandwiches, the Dexron III had better performance for most 
of the cyclic exposure.  However, by 22 cycles, most of the difference had been erased, and the 
two groups were similar in appearance.  This trend was similar for the magnesium assemblies; 
however, the final assessment showed that the corrosion effects between the two groups were 
nearly indistinguishable.   

For GM 9540P solution-dipped assemblies of AM-355 and 4130 steel, all CPCs, and even the 
Dexron III, outperformed the control sets.  With the exception of both CorrosionX products, the 
Mg and Al sandwich sets initially prepared with GM 9540P solution showed no benefit from 
CPC treatment when compared with the untreated control assemblies.  There was no obvious 
difference between the performance of the two CorrosionX formulas relative to the untreated sets 
or the Carwell AR500 sets for the GM 9540P prepared sandwiches within each respective group.  
The aviation blend of the CorrosionX product appeared to perform slightly better for Mg than the 
general purpose formula that exhibited some staining and breakdown of the Dow 7 chromate 
pretreatment layer.   
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Figure 16.  Group 1 general corrosion on AISI 4130 steel at 21 cycles GM 9540P. 

 

(a) Untreated (b) Carwell AR500 

(c) Dexron III (d) CorrosionX General 
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Figure 17.  Group 1 general corrosion on Al 2024-T3 at 21 cycles GM 9540P. 

(a) Untreated (b) Carwell AR500 

(c) Dexron III (d) CorrosionX General 
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Figure 18.  Group 1 general corrosion on Mg AZ31B-H24 at 21 cycles GM 9540P.

(a) Untreated (b) Carwell AR500 

(c) Dexron III (d) CorrosionX General 
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Figure 19.  Group 1 general corrosion on AM-355 stainless steel at 42 cycles GM 9540P.

(a) Untreated 

(b) Carwell AR500 

(c) Dexron III 

(d) CorrosionX General 
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Table 13.  Group 1 general corrosion weight loss/gain for untreated AISI 4130 steel in  
GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 77.49 77.26 –0.23 
1 77.41 77.14 –0.27 
1 78.21 77.92 –0.29 
1 77.27 76.97 –0.30 
1 76.77 76.42 –0.35 
6 76.54 74.70 –1.84 
6 78.61 76.95 –1.66 
6 77.79 76.06 –1.73 
6 78.48 76.52 –1.96 
6 77.14 75.10 –2.04 
11 78.71 72.59 –6.12 
11 78.19 71.15 –7.04 
11 78.83 72.23 –6.60 
11 77.72 70.52 –7.20 
11 77.10 70.14 –6.96 
16 76.26 66.51 –9.75 
16 77.76 67.50 –10.26 
16 76.90 67.84 –9.06 
16 78.58 68.87 –9.71 
16 77.81 71.26 –6.55 
21 77.62 69.09 –8.53 
21 76.63 68.97 –7.66 
21 78.03 69.80 –8.23 
21 77.97 69.99 –7.98 
21 77.68 69.74 –7.94 

Table 14.  Group 1 general corrosion weight loss/gain for Carwell AR500-treated  
AISI 4130 steel in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 77.71 77.67 –0.04 
1 77.21 77.19 –0.02 
1 77.01 76.97 –0.04 
1 76.80 76.78 –0.02 
1 76.37 76.35 –0.02 
6 77.65 77.57 –0.08 
6 77.69 77.64 –0.05 
6 77.34 77.30 –0.04 
6 76.79 76.73 –0.06 
6 77.94 77.86 –0.08 
11 76.68 76.45 –0.23 
11 77.79 77.30 –0.49 
11 77.85 77.28 –0.57 
11 76.18 75.78 –0.40 
11 77.88 77.45 –0.43 
16 77.83 77.00 –0.83 
16 77.14 75.95 –1.19 
16 77.62 76.63 –0.99 
16 77.53 76.45 –1.08 
16 76.48 75.33 –1.15 
21 76.57 75.40 –1.17 
21 77.48 75.66 –1.82 
21 78.32 73.98 –4.34 
21 78.34 76.63 –1.71 
21 76.92 73.92 –3.00 
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Table 15.  Group 1 general corrosion weight loss/gain for CorrosionX general  
formula-treated AISI 4130 steel in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 78.42 78.38 –0.04 
1 77.94 77.89 –0.05 
1 78.38 78.30 –0.08 
1 77.62 77.54 –0.08 
1 77.24 77.20 –0.04 
6 77.57 76.83 –0.74 
6 77.09 76.33 –0.76 
6 78.72 77.81 –0.91 
6 78.05 77.08 –0.97 
6 77.19 76.23 –0.96 
11 78.14 76.16 –1.98 
11 76.66 74.27 –2.39 
11 77.64 75.46 –2.18 
11 78.68 76.62 –2.06 
11 78.82 76.31 –2.51 
16 77.40 71.08 –6.32 
16 76.09 69.73 –6.36 
16 76.72 70.79 –5.93 
16 78.12 71.24 –6.88 
16 77.79 72.32 –5.47 
21 77.93 68.32 –9.61 
21 77.70 69.97 –7.73 
21 78.38 68.91 –9.47 
21 78.19 70.67 –7.52 
21 77.91 70.47 –7.44 

Table 16.  Group 1 general corrosion weight loss/gain for Dexron III transmission  
fluid-treated AISI 4130 steel in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 76.76 76.47 –0.29 
1 78.02 77.77 –0.25 
1 77.83 77.65 –0.18 
1 77.94 77.75 –0.19 
1 77.58 77.36 –0.22 
6 78.61 76.31 –2.30 
6 78.13 75.58 –2.55 
6 77.60 75.10 –2.50 
6 78.66 75.94 –2.72 
6 76.53 73.89 –2.64 
11 76.25 66.06 –10.19 
11 78.11 69.59 –8.52 
11 77.64 69.08 –8.56 
11 76.70 68.02 –8.68 
11 78.26 69.45 –8.81 
16 77.00 68.61 –8.39 
16 76.96 65.10 –11.86 
16 77.21 65.82 –11.39 
16 77.94 66.70 –11.24 
16 79.13 70.46 –8.67 
21 78.52 65.23 –13.29 
21 77.74 66.13 –11.61 
21 77.83 66.55 –11.28 
21 78.25 67.08 –11.17 
21 76.65 67.39 –9.26 
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Table 17.  Group 1 general corrosion weight loss/gain for untreated Al 2024-T3 in  
GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 69.42 69.42 0.00 
1 69.05 69.03 –0.02 
1 68.83 68.84 0.01 
1 69.43 69.43 0.00 
1 69.45 69.45 0.00 
6 69.47 69.47 0.00 
6 69.64 69.64 0.00 
6 69.72 69.71 –0.01 
6 69.76 69.76 0.00 
6 69.72 69.74 0.02 
11 69.76 69.78 0.02 
11 69.76 69.77 0.01 
11 69.76 69.75 –0.01 
11 69.56 69.58 0.02 
11 69.61 69.63 0.02 
16 69.50 69.53 0.03 
16 69.52 69.58 0.06 
16 69.56 69.63 0.07 
16 69.57 69.60 0.03 
16 69.57 69.59 0.02 
21 69.53 69.64 0.11 
21 69.53 69.62 0.09 
21 69.50 69.58 0.08 
21 69.43 69.51 0.08 
21 69.40 69.48 0.08 

Table 18.  Group 1 general corrosion weight loss/gain for Carwell AR500-treated  
Al 2024-T3 in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 67.64 67.65 0.01 
1 68.19 68.19 0.00 
1 67.83 67.82 –0.01 
1 67.94 67.93 –0.01 
1 68.01 68.00 –0.01 
6 68.01 68.02 0.01 
6 68.03 68.04 0.01 
6 68.03 68.04 0.01 
6 68.01 68.01 0.00 
6 67.97 67.98 0.01 
11 67.96 67.96 0.00 
11 67.72 67.73 0.01 
11 67.65 67.65 0.00 
11 68.00 68.00 0.00 
11 68.32 68.32 0.00 
16 68.02 68.00 –0.02 
16 67.79 67.78 –0.01 
16 67.90 67.79 –0.11 
16 67.97 67.95 –0.02 
16 67.26 67.94 0.68 
21 67.96 67.96 0.00 
21 67.98 67.97 –0.01 
21 67.96 67.95 –0.01 
21 67.97 67.98 0.01 
21 67.90 67.89 –0.01 
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Table 19.  Group 1 general corrosion weight loss/gain for CorrosionX general  
formula-treated Al 2024-T3 in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 67.64 67.64 0.00 
1 67.86 67.98 0.12 
1 67.97 67.87 –0.10 
1 68.09 68.16 0.07 
1 68.15 68.11 –0.04 
6 68.26 68.27 0.01 
6 68.31 68.33 0.02 
6 68.33 68.35 0.02 
6 68.34 68.33 –0.01 
6 68.30 68.31 0.01 
11 68.27 69.60 1.33 
11 68.20 69.45 1.25 
11 68.08 69.27 1.19 
11 67.91 68.38 0.47 
11 67.76 68.28 0.52 
16 67.98 67.98 0.00 
16 68.05 68.06 0.01 
16 68.09 68.09 0.00 
16 68.14 68.15 0.01 
16 68.12 68.13 0.01 
21 67.73 67.72 –0.01 
21 67.99 67.99 0.00 
21 68.12 68.10 –0.02 
21 68.19 68.18 –0.01 
21 68.23 68.23 0.00 

Table 20.  Group 1 general corrosion weight loss/gain for Dexron III transmission  
fluid-treated Al 2024-T3 in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 68.26 68.26 0.00 
1 68.29 68.26 –0.03 
1 68.27 68.27 0.00 
1 68.21 68.20 –0.01 
1 68.18 68.20 0.02 
6 67.93 67.94 0.01 
6 67.80 67.79 –0.01 
6 68.02 68.02 0.00 
6 68.13 68.11 –0.02 
6 68.24 68.22 –0.02 
11 68.28 68.27 –0.01 
11 68.00 68.00 0.00 
11 68.41 68.42 0.01 
11 68.33 68.32 –0.01 
11 68.50 68.40 –0.10 
16 68.36 68.36 0.00 
16 68.19 68.19 0.00 
16 67.95 67.94 –0.01 
16 68.38 68.35 –0.03 
16 68.39 68.37 –0.02 
21 68.38 68.34 –0.04 
21 68.34 68.34 0.00 
21 68.34 68.33 –0.01 
21 68.28 68.26 –0.02 
21 68.16 68.14 –0.02 
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Table 21.  Group 1 general corrosion weight loss/gain for untreated Mg AZ31B-H24 in  
GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 29.03 29.04 0.01 
1 28.71 28.73 0.02 
1 28.91 28.93 0.02 
1 29.14 29.18 0.04 
1 28.77 28.79 0.02 
6 29.08 29.21 0.13 
6 28.91 29.00 0.09 
6 29.33 29.40 0.07 
6 29.13 29.26 0.13 
6 28.87 28.98 0.11 
11 28.89 29.08 0.19 
11 28.85 29.02 0.17 
11 29.06 29.32 0.26 
11 29.45 29.65 0.20 
11 28.85 28.99 0.14 
16 28.83 29.07 0.24 
16 28.92 28.98 0.06 
16 28.96 29.25 0.29 
16 29.39 29.66 0.27 
16 28.82 29.14 0.32 
21 28.82 28.99 0.17 
21 29.03 29.53 0.50 
21 28.71 28.89 0.18 
21 28.89 29.39 0.50 
21 28.99 29.24 0.25 

Table 22.  Group 1 general corrosion weight loss/gain for Carwell AR500-treated  
Mg AZ31B-H24 in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 29.25 29.24 –0.01 
1 29.08 29.06 –0.02 
1 28.90 28.91 0.01 
1 28.90 28.91 0.01 
1 28.88 28.90 0.02 
6 28.97 28.99 0.02 
6 29.42 29.45 0.03 
6 28.87 28.92 0.05 
6 28.88 28.89 0.01 
6 29.20 29.15 –0.05 
11 29.38 29.08 –0.30 
11 29.09 29.13 0.04 
11 29.17 29.22 0.05 
11 29.03 29.06 0.03 
11 29.51 29.54 0.03 
16 29.07 29.12 0.05 
16 29.16 29.19 0.03 
16 29.11 29.15 0.04 
16 29.07 29.11 0.04 
16 28.86 29.31 0.45 
21 29.27 28.91 –0.36 
21 29.13 29.17 0.04 
21 29.06 29.13 0.07 
21 28.98 29.04 0.06 
21 28.72 28.73 0.01 
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Table 23.  Group 1 general corrosion weight loss/gain for CorrosionX general  
formula-treated Mg AZ31B-H24 in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 29.11 29.12 0.01 
1 29.27 29.28 0.01 
1 29.45 29.46 0.01 
1 28.93 28.96 0.03 
1 28.74 28.77 0.03 
6 29.22 29.24 0.02 
6 28.85 28.87 0.02 
6 28.85 28.86 0.01 
6 28.89 28.90 0.01 
6 29.14 29.17 0.03 
11 29.30 29.07 –0.23 
11 27.65 28.98 1.33 
11 29.14 28.96 –0.18 
11 28.89 28.93 0.04 
11 28.87 28.97 0.10 
16 28.73 28.75 0.02 
16 29.37 29.42 0.05 
16 29.17 29.18 0.01 
16 28.90 28.94 0.04 
16 29.16 29.21 0.05 
21 29.03 29.12 0.09 
21 29.19 29.19 0.00 
21 29.08 29.08 0.00 
21 29.01 29.04 0.03 
21 28.87 28.90 0.03 

Table 24.  Group 1 general corrosion weight loss/gain for Dexron III transmission  
fluid-treated Mg AZ31B-H24 in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 28.97 28.96 –0.01 
1 28.91 28.91 0.00 
1 29.32 29.31 –0.01 
1 28.83 28.81 –0.02 
1 29.05 29.05 0.00 
6 29.07 29.12 0.05 
6 28.99 29.04 0.05 
6 29.12 29.13 0.01 
6 28.81 28.82 0.01 
6 29.14 29.19 0.05 
11 28.53 28.71 0.18 
11 28.92 29.05 0.13 
11 28.94 29.07 0.13 
11 28.98 29.07 0.09 
11 28.95 29.06 0.11 
16 29.40 29.57 0.17 
16 29.17 29.26 0.09 
16 29.43 29.59 0.16 
16 26.83 26.96 0.13 
16 29.22 29.26 0.04 
21 29.23 29.42 0.19 
21 29.28 29.38 0.10 
21 29.47 29.48 0.01 
21 29.11 29.17 0.06 
21 28.99 28.94 –0.05 
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Table 25.  Group 1 general corrosion weight loss/gain for untreated AM-355 stainless 
steel in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 16.73 16.73 0.00 
1 17.12 17.13 0.01 
1 16.67 16.67 0.00 
1 17.12 17.12 0.00 
1 16.82 16.83 0.01 
6 17.03 17.03 0.00 
6 16.72 16.73 0.01 
6 17.08 17.08 0.00 
6 17.18 17.19 0.01 
6 17.11 17.10 –0.01 
11 16.74 16.75 0.01 
11 17.10 17.11 0.01 
11 17.13 17.13 0.00 
11 17.01 16.99 –0.02 
11 16.66 16.66 0.00 
16 17.22 17.22 0.00 
16 17.20 17.20 0.00 
16 17.07 17.07 0.00 
16 17.04 17.03 –0.01 
16 16.79 16.79 0.00 
21 17.14 17.15 0.01 
21 16.73 16.73 0.00 
21 17.08 17.08 0.00 
21 16.83 16.83 0.00 
21 16.76 16.75 –0.01 

Table 26.  Group 1 general corrosion weight loss/gain for Carwell AR500-treated  
AM-355 stainless steel in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 16.74 16.72 –0.02 
1 16.71 16.68 –0.03 
1 16.70 16.68 –0.02 
1 17.14 17.13 –0.01 
1 16.55 16.53 –0.02 
6 17.05 17.04 –0.01 
6 16.77 16.75 –0.02 
6 16.63 16.60 –0.03 
6 16.74 16.72 –0.02 
6 16.64 16.63 –0.01 
11 16.76 16.75 –0.01 
11 17.08 16.73 –0.35 
11 16.81 17.08 0.27 
11 16.66 16.82 0.16 
11 16.74 16.68 –0.06 
16 16.68 16.74 0.06 
16 16.75 16.69 –0.06 
16 16.65 16.76 0.11 
16 16.80 16.66 –0.14 
16 16.83 16.81 –0.02 
21 16.73 16.84 0.11 
21 16.74 16.74 0.00 
21 16.86 16.87 0.01 
21 17.06 17.06 0.00 
21 16.75 16.74 –0.01 
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Table 27.  Group 1 general corrosion weight loss/gain for CorrosionX general  
formula-treated AM-355 stainless steel in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 16.79 16.79 0.00 
1 16.67 16.67 0.00 
1 16.83 16.81 –0.02 
1 16.78 16.76 –0.02 
1 16.63 16.64 0.01 
6 16.65 16.66 0.01 
6 16.59 16.57 –0.02 
6 17.14 17.12 –0.02 
6 16.66 16.65 –0.01 
6 16.77 16.77 0.00 
11 17.19 17.19 0.00 
11 17.25 17.24 –0.01 
11 16.80 16.80 0.00 
11 17.18 17.18 0.00 
11 16.85 16.85 0.00 
16 17.16 17.16 0.00 
16 17.18 17.17 –0.01 
16 16.85 16.83 –0.02 
16 17.03 17.01 –0.02 
16 16.87 16.81 –0.06 
21 16.72 16.71 –0.01 
21 17.20 17.20 0.00 
21 17.12 17.11 –0.01 
21 17.05 17.05 0.00 
21 17.13 17.14 0.01 

Table 28.  Group 1 general corrosion weight loss/gain for Dexron III transmission  
fluid-treated AM-355 stainless steel in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 16.75 16.75 0.00 
1 17.15 17.13 –0.02 
1 17.23 17.20 –0.03 
1 17.13 17.12 –0.01 
1 16.75 16.73 –0.02 
6 16.79 16.78 –0.01 
6 16.81 16.81 0.00 
6 17.16 17.16 0.00 
6 17.01 17.01 0.00 
6 16.76 16.77 0.01 
11 16.87 16.87 0.00 
11 16.82 16.83 0.01 
11 16.67 16.70 0.03 
11 17.09 17.09 0.00 
11 16.81 16.82 0.01 
16 16.97 16.98 0.01 
16 16.77 16.77 0.00 
16 17.08 17.08 0.00 
16 16.67 16.67 0.00 
16 16.83 16.83 0.00 
21 16.96 16.98 0.02 
21 16.82 16.81 –0.01 
21 17.08 17.09 0.01 
21 16.72 16.72 0.00 
21 17.26 17.27 0.01 
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Figure 20.  Group 2 average mass losses vs. cycles of GM 9540P for general 
corrosion of AISI 4130 steel. 

The mass loss vs. the number of GM 9540P exposure cycles plots for group 1 AISI 4130 steel is 
included in figures 25 and 26.  Final representative scans depicting the relative corrosion 
amounts for the different group 1 CPCs are presented in figures 27–34.  Raw data for the mass 
losses for the group 1 sandwich assembly center panels for all combinations are listed in  
tables 41–44.  Additional mass loss vs. the number of GM 9540P exposure cycles plots for  
group 2 AISI 4130 steel is included in figures 35 and 36. The representative scans depicting the 
relative corrosion amounts for the different group 2 CPCs, as well as comparisons between 
external appearance of the clamped sandwich assemblies after removal from GM 9540P, are 
presented in figures 37–47.  Finally, the mass loss raw data for group 2 sandwich assembly 
center panels for all material/CPC combinations are listed in tables 45–48. 

3.3 HRE and SCC 

For the 1d C-rings, the 100% notch bend fracture loading deflection data were used to establish 
the deflection necessary to load the remaining 4340 test specimens as well as the ASTM F 519 
Cd plating sensitivity specimens.  All C-ring failure times for the bright Cd plated specimens 
were within normal parameters.  For a dull Cd, all eight specimens fractured well prior to their 
expected 200-hr load duration.  The bare unplated specimens behaved as expected and never 
failed at 75% of notch bend fracture deflection.  The addition of aerosolized CPCs applied to the 
4340 C-rings made a significant difference to the endurance of the C-rings loaded at 65% notch 
bend fracture.  All eight untreated sets failed before the completion of even one cycle of 
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Figure 21.  Group 2 general corrosion on AISI 4130 steel at 21 cycles GM 9540P.

(a) Untreated (b) Carwell AR500 

(c) CorrosionX Aviation 
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Figure 22.  Group 2 general corrosion on Al 2024-T3 at 21 cycles GM 9540P.

(a) Untreated (b) Carwell AR500 

(c) CorrosionX Aviation 



 

 31

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23.  Group 2 general corrosion on Mg AZ31B-H24 at 21 cycles GM 9540P. 

(a) Untreated (b) Carwell AR500 

(c) CorrosionX Aviation 



 

 32

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24.  Group 2 general corrosion on AM-355 stainless steel at 42 cycles GM 9540P. 

 

(a) Untreated 

(b) Carwell AR500 

(c) CorrosionX Aviation 
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Table 29.  Group 2 general corrosion weight loss/gain for untreated AISI 4130 steel in  
GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 105.04 104.79 –0.25 
1 104.40 104.17 –0.23 
1 104.96 104.72 –0.24 
1 104.66 104.45 –0.21 
1 104.67 104.46 –0.21 
6 104.94 104.69 –0.25 
6 106.20 105.21 –0.99 
6 105.87 104.78 –1.09 
6 106.30 105.67 –0.63 
6 104.47 104.31 –0.16 
11 103.02 101.89 –1.13 
11 104.79 103.70 –1.09 
11 105.15 103.94 –1.21 
11 102.27 101.34 –0.93 
11 103.21 102.30 –0.91 
16 103.66 101.71 –1.95 
16 101.14 99.44 –1.70 
16 101.55 99.77 –1.78 
16 102.13 100.45 –1.68 
16 102.73 100.92 –1.81 
21 102.66 100.69 –1.97 
21 105.63 103.32 –2.31 
21 104.86 101.25 –3.61 
21 104.61 102.63 –1.98 
21 104.40 103.32 –1.08 

Table 30.  Group 2 general corrosion weight loss/gain for Carwell AR500-treated AISI 
4130 steel in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 105.23 105.24 0.01 
1 104.51 104.52 0.01 
1 104.81 104.82 0.01 
1 104.87 104.88 0.01 
1 105.34 105.34 0.00 
6 104.98 104.97 –0.01 
6 105.70 105.68 –0.02 
6 105.12 105.10 –0.02 
6 103.02 103.01 –0.01 
6 105.08 105.06 –0.02 
11 102.92 102.74 –0.18 
11 104.45 104.23 –0.22 
11 102.99 102.70 –0.29 
11 105.26 104.95 –0.31 
11 103.57 103.26 –0.31 
16 101.79 101.56 –0.23 
16 105.02 104.77 –0.25 
16 105.08 104.90 –0.18 
16 104.74 104.35 –0.39 
16 103.35 102.88 –0.47 
21 105.76 104.79 –0.97 
21 102.48 101.03 –1.45 
21 102.61 101.57 –1.04 
21 105.32 103.87 –1.45 
21 104.25 103.30 –0.95 
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Table 31.  Group 2 general corrosion weight loss/gain for CorrosionX Aviation-treated  
AISI 4130 steel in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 105.44 105.41 –0.03 
1 102.58 102.55 –0.03 
1 104.53 104.47 –0.06 
1 103.56 103.54 –0.02 
1 102.33 102.31 –0.02 
6 105.85 105.65 –0.20 
6 103.63 103.41 –0.22 
6 101.85 101.63 –0.22 
6 101.92 101.86 –0.06 
6 105.46 105.41 –0.05 
11 104.45 102.72 –1.73 
11 102.90 101.91 –0.99 
11 103.57 102.67 –0.90 
11 107.27 105.48 –1.79 
11 107.48 105.18 –2.30 
16 105.42 104.11 –1.31 
16 105.64 103.77 –1.87 
16 105.06 103.31 –1.75 
16 105.48 103.15 –2.33 
16 104.80 102.20 –2.60 
21 103.69 100.45 –3.24 
21 105.52 101.82 –3.70 
21 104.47 101.32 –3.15 
21 102.93 99.25 –3.68 
21 105.67 99.97 –5.70 

Table 32.  Group 2 general corrosion weight loss/gain for untreated Al 2024-T3 in  
GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 68.42 68.42 0.00 
1 68.38 68.39 0.01 
1 68.25 68.25 0.00 
1 68.20 68.20 0.00 
1 68.28 68.30 0.02 
6 68.36 68.38 0.02 
6 68.39 68.41 0.02 
6 68.44 68.46 0.02 
6 68.44 68.47 0.03 
6 68.41 68.43 0.02 
11 68.37 68.38 0.01 
11 68.38 68.40 0.02 
11 68.33 68.35 0.02 
11 68.21 68.23 0.02 
11 68.11 68.14 0.03 
16 68.43 68.46 0.03 
16 68.43 68.44 0.01 
16 68.41 68.45 0.04 
16 68.42 68.45 0.03 
16 68.43 68.45 0.02 
21 68.43 68.44 0.01 
21 68.39 68.43 0.04 
21 68.26 68.30 0.04 
21 68.18 68.22 0.04 
21 67.78 67.83 0.05 
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Table 33.  Group 2 general corrosion weight loss/gain for Carwell AR500-treated 
Al 2024-T3 in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 67.69 67.70 0.01 
1 68.21 68.23 0.02 
1 68.28 68.28 0.00 
1 68.28 68.30 0.02 
1 68.33 68.33 0.00 
6 67.97 67.97 0.00 
6 68.13 68.14 0.01 
6 68.21 68.21 0.00 
6 68.29 68.30 0.01 
6 68.34 68.36 0.02 
11 68.39 68.41 0.02 
11 68.37 68.38 0.01 
11 68.37 68.38 0.01 
11 68.40 68.41 0.01 
11 68.34 68.36 0.02 
16 68.29 68.30 0.01 
16 68.23 68.24 0.01 
16 68.06 68.08 0.02 
16 68.25 68.27 0.02 
16 68.38 68.37 –0.01 
21 68.21 68.22 0.01 
21 68.31 68.31 0.00 
21 68.31 68.32 0.01 
21 68.31 68.33 0.02 
21 68.35 68.36 0.01 

Table 34.  Group 2 general corrosion weight loss/gain for CorrosionX Aviation-treated  
Al 2024-T3 in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 68.35 68.36 0.01 
1 68.38 68.38 0.00 
1 68.35 68.35 0.00 
1 68.27 68.28 0.01 
1 68.22 68.21 –0.01 
6 67.97 67.96 –0.01 
6 67.91 67.91 0.00 
6 67.93 67.94 0.01 
6 68.12 68.12 0.00 
6 68.18 68.18 0.00 
11 68.34 68.33 –0.01 
11 68.37 68.38 0.01 
11 68.32 68.33 0.01 
11 68.32 68.32 0.00 
11 68.29 68.30 0.01 
16 68.20 68.21 0.01 
16 68.07 68.07 0.00 
16 68.21 68.22 0.01 
16 68.32 68.32 0.00 
16 68.29 68.30 0.01 
21 68.34 68.35 0.01 
21 68.28 68.28 0.00 
21 68.29 68.29 0.00 
21 68.33 68.34 0.01 
21 68.27 68.27 0.00 
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Table 35.  Group 2 general corrosion weight loss/gain for untreated Mg AZ31B-H24 in  
GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 28.82 28.89 0.07 
1 28.90 28.97 0.07 
1 29.00 29.14 0.14 
1 28.82 28.87 0.05 
1 28.82 28.94 0.12 
6 28.82  29.06 0.24 
6 28.77 29.03 0.26 
6 28.80 29.12 0.32 
6 28.80 29.12 0.32 
6 28.97 29.46 0.49 
11 28.93 29.81 0.88 
11 28.67 29.52 0.85 
11 28.89 29.85 0.96 
11 28.80 29.22 0.42 
11 28.83 29.43 0.60 
16 28.94 29.78 0.84 
16 28.77 30.02 1.25 
16 28.68 29.59 0.91 
16 28.92 30.09 1.17 
16 28.76 29.58 0.82 
21 28.62 29.44 0.82 
21 28.78 29.76 0.98 
21 28.84 29.83 0.99 
21 28.81 29.57 0.76 
21 28.79 29.52 0.73 

Table 36.  Group 2 general corrosion weight loss/gain for Carwell AR500-treated  
Mg AZ31B-H24 in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 28.78 28.80 0.02 
1 28.78 28.80 0.02 
1 28.84 28.85 0.01 
1 28.53 28.53 0.00 
1 28.80 28.82 0.02 
6 28.86 28.88 0.02 
6 28.72 28.72 0.00 
6 28.74 28.75 0.01 
6 28.89 28.91 0.02 
6 28.91 28.92 0.01 
11 28.52 28.53 0.01 
11 28.55 28.57 0.02 
11 28.79 28.81 0.02 
11 28.84 28.86 0.02 
11 28.55 28.57 0.02 
16 28.82 28.87 0.05 
16 28.77 28.86 0.09 
16 28.82 28.88 0.06 
16 28.74 28.80 0.06 
16 28.80 28.90 0.10 
21 28.81 28.94 0.13 
21 28.80 29.07 0.27 
21 28.75 28.84 0.09 
21 28.85 28.96 0.11 
21 28.77 28.85 0.08 
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Table 37.  Group 2 general corrosion weight loss/gain for CorrosionX Aviation-treated  
Mg AZ31B-H24 in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 28.87 28.88 0.01 
1 28.52 28.52 0.00 
1 28.80 28.80 0.00 
1 28.80 28.80 0.00 
1 28.82 28.82 0.00 
6 28.72 28.78 0.06 
6 28.76 28.78 0.02 
6 28.75 28.79 0.04 
6 28.73 28.79 0.06 
6 28.81 28.89 0.08 
11 28.77 29.13 0.36 
11 28.59 28.67 0.08 
11 28.89 29.28 0.39 
11 28.81 28.98 0.17 
11 28.98 29.37 0.39 
16 28.74 28.80 0.06 
16 28.82 28.96 0.14 
16 28.78 28.90 0.12 
16 28.79 28.97 0.18 
16 28.84 29.14 0.30 
21 28.67 29.30 0.63 
21 28.75 28.90 0.15 
21 28.81 29.20 0.39 
21 28.85 29.13 0.28 
21 28.78 28.98 0.20 

Table 38.  Group 2 general corrosion weight loss/gain for untreated AM-355 stainless 
steel in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 16.68 16.68 0.00 
1 16.68 16.69 0.01 
1 16.65 16.65 0.00 
1 16.68 16.68 0.00 
1 16.61 16.61 0.00 
6 16.77 16.78 0.01 
6 16.59 16.60 0.01 
6 16.49 16.49 0.00 
6 16.48 16.48 0.00 
6 16.79 16.78 –0.01 
11 16.62 16.61 –0.01 
11 16.47 16.48 0.01 
11 16.49 16.49 0.00 
11 16.69 16.69 0.00 
11 16.59 16.59 0.00 
16 16.75 16.75 0.00 
16 16.50 16.50 0.00 
16 16.55 16.55 0.00 
16 16.73 16.73 0.00 
16 16.68 16.68 0.00 
21 16.77 16.77 0.00 
21 16.61 16.60 –0.01 
21 16.57 16.58 0.01 
21 16.73 16.74 0.01 
21 16.46 16.47 0.01 
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Table 39.  Group 2 general corrosion weight loss/gain for Carwell AR500-treated  
AM-355 stainless steel in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 16.60 16.61 0.01 
1 16.59 16.60 0.01 
1 16.52 16.52 0.00 
1 16.43 16.44 0.01 
1 16.68 16.69 0.01 
6 16.49 16.49 0.00 
6 16.48 16.48 0.00 
6 16.58 16.60 0.02 
6 16.74 16.74 0.00 
6 16.71 16.71 0.00 
11 16.61 16.62 0.01 
11 16.66 16.67 0.01 
11 16.60 16.60 0.00 
11 16.75 16.75 0.00 
11 16.54 16.54 0.00 
16 16.67 16.68 0.00 
16 16.56 16.57 0.01 
16 16.50 16.50 0.00 
16 16.52 16.53 0.01 
16 16.76 16.77 0.01 
21 16.63 16.64 0.01 
21 16.69 16.70 0.01 
21 16.50 16.50 0.00 
21 16.65 16.66 0.01 
21 16.61 16.62 0.01 

Table 40.  Group 2 general corrosion weight loss/gain for CorrosionX Aviation-treated 
AM-355 stainless steel in GM 9540P. 

GM 9540P Cycles Initial Mass 
(g) 

Final Mass 
(g) 

Mass Loss or Gain 
(g) 

1 16.50 16.50 0.00 
1 16.52 16.53 0.01 
1 16.66 16.67 0.01 
1 16.42 16.43 0.01 
1 16.68 16.68 0.00 
6 16.23 16.24 0.01 
6 16.52 16.51 0.00 
6 16.29 16.29 0.00 
6 16.51 16.51 0.00 
6 16.83 16.83 0.00 
11 16.32 16.31 –0.01 
11 16.95 16.96 0.01 
11 16.58 16.58 0.00 
11 16.53 16.52 –0.01 
11 16.59 16.59 0.00 
16 16.35 16.35 0.00 
16 16.69 16.69 0.00 
16 16.53 16.54 –0.01 
16 16.54 16.52 –0.02 
16 16.63 16.60 –0.03 
21 16.56 16.56 0.00 
21 16.54 16.54 0.00 
21 16.66 16.66 0.00 
21 16.54 16.55 0.01 
21 16.56 16.57 0.01 
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Figure 25.  Group 1 average mass losses vs. cycles of GM 9540P for CPC-saturated crevice corrosion 
sandwiches of AISI 4130 steel. 

Figure 26.  Group 1 average mass losses vs. cycles of GM 9540P for GM 9540P solution-saturated crevice 
corrosion sandwiches of AISI 4130 steel. 

GM 9540P.  Notably, the addition of both CorrosionX Aviation and Carwell AR500 aerosols 
significantly extended the number of GM 9540P cycles before failure for the C-rings.  The HRE 
cycles to failure for the controls, CorrosionX Aviation, and Carwell AR500 across all replicates 
exposed under GM 9540P are listed in table 49 and plotted in figure 48.  
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Figure 27.  Group 1 CPC-saturated crevice corrosion sandwich centers of AISI 4130 steel at 22 cycles  
GM 9540P. 

 

(a) Untreated 

(b) Carwell AR500 

(c) Dexron III 

(d) CorrosionX General 
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Figure 28.  Group 1 GM 9540P solution-saturated crevice corrosion sandwich centers of AISI 4130 steel 
at 22 cycles GM 9540P. 

(a) Untreated 

(b) Carwell AR500 

(c) Dexron III

(d) CorrosionX General 
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Figure 29.  Group 1 CPC-saturated crevice corrosion sandwich centers of Al 2024-T3 at 22 cycles 
GM 9540P. 

 

(a) Untreated

(b) Carwell AR500 

(c) Dexron III 

CorrosionX General 
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Figure 30.  Group 1 GM 9540P solution-saturated crevice corrosion sandwich centers of Al 2024-T3 at 
22 cycles GM 9540P. 

(a) Untreated 

(b) Carwell AR500

(c) Dexron III

(d) CorrosionX General 
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Figure 31.  Group 1 CPC-saturated crevice corrosion sandwich centers of Mg AZ31B-H24 at 22 cycles  
GM 9540P. 

 

(a) Untreated 

(b) Carwell AR500 

(c) Dexron III 

(d) CorrosionX General 
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Figure 32.  Group 1 GM 9540P solution-saturated crevice corrosion sandwich centers of  
Mg AZ31B-H24 at 22 cycles GM 9540P. 

 

(a) Untreated 

(b) Carwell AR500 

(c) Dexron III 

(d) CorrosionX General 
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Figure 33.  Group 1 CPC-saturated crevice corrosion sandwich centers of AM-355 stainless steel at  
42 cycles GM 9540P. 

(d) CorrosionX General 

(c) Dexron III 

(b) Carwell AR500 

(a) Untreated 
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Figure 34.  Group 1 GM 9540P solution-saturated crevice corrosion sandwich centers of AM-355 
stainless steel at 42 cycles GM 9540P. 

(a) Untreated 

(b) Carwell AR500 

(c) Dexron III 

(d) CorrosionX General 
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Table 41.  Group 1 crevice corrosion weight loss/gain for Mg AZ31B-H24 sandwich center panel in GM 9540P. 

CPC Sandwich Type Initial Mass (g) 2 Cycles 7 Cycles 12 Cycles 17 Cycles 22 Cycles Mass  Loss or Gain (g)
Carwell AR500 CPC saturated 9.62 9.67 0.05
Carwell AR500 CPC saturated 9.76 9.65 –0.11
Carwell AR500 CPC saturated 9.75 9.76 0.01
Carwell AR500 CPC saturated 9.04 9.08 0.04
Carwell AR500 CPC saturated 9.58 9.75 0.17
Carwell AR500 GM 9540P solution 9.62 9.62 0.00
Carwell AR500 GM 9540P solution 9.61 9.79 0.18
Carwell AR500 GM 9540P solution 9.59 10.03 0.44
Carwell AR500 GM 9540P solution 9.72 9.93 0.21
Carwell AR500 GM 9540P solution 9.76 10.15 0.39

CorrosionX CPC saturated 9.67 9.70 0.03
CorrosionX CPC saturated 9.65 9.54 –0.11
CorrosionX CPC saturated 9.55 9.52 –0.03
CorrosionX CPC saturated 9.38 9.41 0.03
CorrosionX CPC saturated 9.74 9.66 –0.08
CorrosionX GM 9540P solution 9.91 10.01 0.10
CorrosionX GM 9540P solution 9.64 9.54 –0.10
CorrosionX GM 9540P solution 9.71 9.63 –0.08
CorrosionX GM 9540P solution 9.48 9.48 0.00
CorrosionX GM 9540P solution 9.59 9.62 0.03
Dexron III CPC saturated 9.49 9.72 0.23
Dexron III CPC saturated 9.53 9.55 0.02
Dexron III CPC saturated 9.42 9.23 –0.19
Dexron III CPC saturated 9.61 9.76 0.15
Dexron III CPC saturated 9.76 9.79 0.03
Dexron III GM 9540P solution 9.39 9.73 0.34
Dexron III GM 9540P solution 9.59 9.51 –0.08
Dexron III GM 9540P solution 9.41 9.68 0.27
Dexron III GM 9540P solution 9.39 9.90 0.51
Dexron III GM 9540P solution 9.63 10.06 0.43

No treatment No treatment 9.74 9.79 0.05
No treatment No treatment 9.70 9.67 –0.03
No treatment No treatment 9.63 9.36 –0.27
No treatment No treatment 9.60 9.38 –0.22
No treatment No treatment 9.54 9.75 0.21
No treatment GM 9540P solution 9.64 9.54 –0.10
No treatment GM 9540P solution 9.55 9.42 –0.13
No treatment GM 9540P solution 9.70 9.46 –0.24
No treatment GM 9540P solution 9.75 9.60 –0.15
No treatment GM 9540P Solution 9.77 9.60 –0.17
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Table 42.  Group 1 crevice corrosion weight loss/gain for Al 2024-T3 sandwich center panel in GM 9540P. 

 

CPC Sandwich Type Initial Mass (g) 2 Cycles 7 Cycles 12 Cycles 17 Cycles 22 Cycles Mass  Loss or Gain (g)
Carwell AR500 CPC saturated 22.78 22.90 0.12
Carwell AR500 CPC saturated 22.77 22.91 0.14
Carwell AR500 CPC saturated 22.90 22.85 –0.05
Carwell AR500 CPC saturated 22.23 22.99 0.76
Carwell AR500 CPC saturated 21.70 23.01 1.31
Carwell AR500 GM 9540P solution 21.73 23.02 1.29
Carwell AR500 GM 9540P solution 21.73 23.02 1.29
Carwell AR500 GM 9540P solution 21.67 23.01 1.34
Carwell AR500 GM 9540P solution 21.95 23.00 1.05
Carwell AR500 GM 9540P solution 22.56 23.00 0.44

CorrosionX CPC saturated 22.50 22.97 0.47
CorrosionX CPC saturated 22.41 22.96 0.55
CorrosionX CPC saturated 22.49 22.98 0.49
CorrosionX CPC saturated 22.56 22.97 0.41
CorrosionX CPC saturated 22.87 22.95 0.08
CorrosionX GM 9540P solution 22.74 22.99 0.25
CorrosionX GM 9540P solution 22.83 23.00 0.17
CorrosionX GM 9540P solution 22.63 23.01 0.38
CorrosionX GM 9540P solution 22.85 23.01 0.16
CorrosionX GM 9540P solution 22.45 23.02 0.57
Dexron III CPC saturated 22.59 22.99 0.40
Dexron III CPC saturated 22.94 22.94 0.00
Dexron III CPC saturated 22.80 22.93 0.13
Dexron III CPC saturated 22.97 23.00 0.03
Dexron III CPC saturated 23.05 23.07 0.02
Dexron III GM 9540P solution 23.00 22.97 –0.03
Dexron III GM 9540P solution 22.34 23.02 0.68
Dexron III GM 9540P solution 22.97 23.02 0.05
Dexron III GM 9540P solution 22.88 22.61 –0.27
Dexron III GM 9540P solution 23.01 23.03 0.02

No treatment No treatment 22.98 22.98 0.00
No treatment No treatment 22.94 22.97 0.03
No treatment No treatment 22.97 23.02 0.05
No treatment No treatment 22.98 22.99 0.01
No treatment No treatment 22.97 22.98 0.01
No treatment GM 9540P solution 22.93 22.91 –0.02
No treatment GM 9540P solution 22.99 22.98 –0.01
No treatment GM 9540P solution 22.98 23.00 0.02
No treatment GM 9540P solution 23.10 23.14 0.04
No treatment GM 9540P solution 23.12 23.14 0.02
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Table 43.  Group 1 crevice corrosion weight loss/gain for AISI 4130 steel sandwich center panel in GM 9540P. 

CPC Sandwich Type Initial Mass (g) 2 Cycles 7 Cycles 12 Cycles 17 Cycles 22 Cycles Mass  Loss or Gain (g)
Carwell AR500 CPC saturated 25.76 25.72 –0.04
Carwell AR500 CPC saturated 25.63 25.37 –0.26
Carwell AR500 CPC saturated 25.72 25.42 –0.30
Carwell AR500 CPC saturated 25.63 23.78 –1.85
Carwell AR500 CPC saturated 25.89 23.57 –2.32
Carwell AR500 GM 9540P solution 25.49 24.53 –0.96
Carwell AR500 GM 9540P solution 25.86 24.66 –1.20
Carwell AR500 GM 9540P solution 25.74 23.50 –2.24
Carwell AR500 GM 9540P solution 25.87 21.99 –3.88
Carwell AR500 GM 9540P solution 25.55 21.92 –3.63

CorrosionX CPC saturated 25.56 25.88 0.32
CorrosionX CPC saturated 25.84 25.80 –0.04
CorrosionX CPC saturated 25.61 25.46 –0.15
CorrosionX CPC saturated 25.40 25.81 0.41
CorrosionX CPC saturated 25.55 25.14 –0.41
CorrosionX GM 9540P solution 25.49 24.74 –0.75
CorrosionX GM 9540P solution 25.73 25.48 –0.25
CorrosionX GM 9540P solution 25.69 25.39 –0.30
CorrosionX GM 9540P solution 25.67 25.38 –0.29
CorrosionX GM 9540P solution 25.64 23.00 –2.64
Dexron III CPC saturated 25.69 25.39 –0.30
Dexron III CPC saturated 25.60 24.96 –0.64
Dexron III CPC saturated 25.81 24.57 –1.24
Dexron III CPC saturated 25.61 24.07 –1.54
Dexron III CPC saturated 25.62 23.43 –2.19
Dexron III GM 9540P solution 25.49 24.79 –0.70
Dexron III GM 9540P solution 25.71 25.38 –0.33
Dexron III GM 9540P solution 25.69 24.53 –1.16
Dexron III GM 9540P solution 25.64 24.41 –1.23
Dexron III GM 9540P solution 25.52 23.18 –2.34

No treatment No treatment 25.69 25.14 –0.55
No treatment No treatment 25.70 25.05 –0.65
No treatment No treatment 25.50 24.64 –0.86
No treatment No treatment 25.74 24.78 –0.96
No treatment No treatment 25.13 23.18 –1.95
No treatment GM 9540P solution 25.73 25.25 –0.48
No treatment GM 9540P solution 25.66 25.08 –0.58
No treatment GM 9540P solution 25.72 24.48 –1.24
No treatment GM 9540P solution 25.45 24.59 –0.86
No treatment GM 9540P solution 25.60 23.77 –1.83  
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Table 44.  Group 1 crevice corrosion weight loss/gain forAM-355 steel sandwich center panel in GM 9540P. 

CPC Sandwich Type Initial Mass (g) 22 Cycles 27 Cycles 32 Cycles 37 Cycles 42 Cycles Mass  Loss or Gain (g)
Carwell AR500 CPC saturated 11.14 11.37 0.23
Carwell AR500 CPC saturated 11.25 11.26 0.01
Carwell AR500 CPC saturated 11.21 11.19 –0.02
Carwell AR500 CPC saturated 11.30 11.33 0.03
Carwell AR500 CPC saturated 11.27 11.30 0.03
Carwell AR500 GM 9540P solution 11.27 10.97 –0.30
Carwell AR500 GM 9540P solution 11.22 11.26 0.04
Carwell AR500 GM 9540P solution 11.11 11.11 0.00
Carwell AR500 GM 9540P solution 11.23 11.24 0.01
Carwell AR500 GM 9540P solution 11.19 11.38 0.19

CorrosionX CPC saturated 11.22 11.24 0.02
CorrosionX CPC saturated 11.28 11.16 –0.12
CorrosionX CPC saturated 11.23 11.25 0.02
CorrosionX CPC saturated 11.27 11.40 0.13
CorrosionX CPC saturated 11.26 11.25 –0.01
CorrosionX GM 9540P solution 11.27 11.27 0.00
CorrosionX GM 9540P solution 11.32 11.30 –0.02
CorrosionX GM 9540P solution 11.28 11.34 0.06
CorrosionX GM 9540P solution 11.20 11.09 –0.11
CorrosionX GM 9540P solution 11.34 11.33 –0.01
Dexron III CPC saturated 11.12 11.08 –0.04
Dexron III CPC saturated 11.07 11.06 –0.01
Dexron III CPC saturated 11.17 11.12 –0.05
Dexron III CPC saturated 11.30 11.27 –0.03
Dexron III CPC saturated 11.18 11.10 –0.08
Dexron III GM 9540P solution 11.36 11.33 –0.03
Dexron III GM 9540P solution 11.33 11.31 –0.02
Dexron III GM 9540P solution 11.35 11.37 0.02
Dexron III GM 9540P solution 11.26 11.26 0.00
Dexron III GM 9540P solution 11.28 11.33 0.05

No treatment No treatment 11.33 11.39 0.06
No treatment No treatment 11.30 11.32 0.02
No treatment No treatment 11.15 11.13 –0.02
No treatment No treatment 11.24 11.24 0.00
No treatment No treatment 11.25 11.29 0.04
No treatment GM 9540P solution 11.21 11.15 –0.06
No treatment GM 9540P solution 11.26 11.29 0.03
No treatment GM 9540P solution 11.29 11.24 –0.05
No treatment GM 9540P solution 11.21 11.24 0.03
No treatment GM 9540P solution 11.16 11.13 –0.03  
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Figure 35.  Group 2 average mass losses vs. cycles of GM 9540P for CPC-saturated crevice corrosion 

sandwiches of AISI 4130 steel. 

 

Figure 36.  Group 2 average mass losses vs. cycles of GM 9540P for GM 9540P solution-saturated crevice 
corrosion sandwiches of AISI 4130 steel. 
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Figure 37.  Group 2 CPC-saturated crevice corrosion sandwich centers of AISI 4130 steel at 22 cycles 
GM 9540P. 

 

(c) CorrosionX Aviation 

(b) Carwell AR500 

(a) Untreated 
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(a) Untreated                                  (b) Carwell AR500 
 

 
(c) CorrosionX Aviation 

 
Figure 38.  External appearance of group 2 CPC-saturated crevice corrosion sandwich assemblies (left) vs. 

GM 9540P solution-saturated crevice corrosion sandwich assemblies (right) of AISI 4130 steel 
removed at 22 cycles GM 9540P. 
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Figure 39.  Group 2 GM 9540P solution-saturated crevice corrosion sandwich centers of AISI 4130 steel 
at 22 cycles GM 9540P. 

 

(a) Untreated 

(b) Carwell AR500 

(c) CorrosionX Aviation 
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Figure 40.  Group 2 CPC-saturated crevice corrosion sandwich centers of Al 2024-T3 at 22 cycles 
GM 9540P. 

(c) CorrosionX Aviation 

(b) Carwell AR500 

(a) Untreated 
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              (a   ) Untreated                                     (b) Carwell AR500       
    

  
(c)  CorrosionX Aviation 

 

Figure 41.  External appearance of group 2 CPC-saturated crevice corrosion sandwich assemblies (left) vs.  
GM 9540P solution-saturated crevice corrosion sandwich assemblies (right) of Al 2024-T3 
removed at 22 cycles GM 9540P. 
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Figure 42.  Group 2 GM 9540P solution-saturated crevice corrosion sandwich centers of Al 2024-T3 at 
22 cycles GM 9540P. 

 

(c) CorrosionX Aviation 

(b) Carwell AR500 

(a) Untreated 
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Figure 43.  Group 2 CPC-saturated crevice corrosion sandwich centers of Mg AZ31B-H24 at 22 cycles  
GM 9540P. 

(c) CorrosionX Aviation 

(b) Carwell AR500 

(a) Untreated 
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         (a) Untreated           (b) Carwell AR500 
 

 
(c) CorrosionX Aviation 

 

Figure 44.  External appearance of group 2 CPC-saturated crevice corrosion sandwich assemblies (left) vs.  
GM 9540P solution-saturated crevice corrosion sandwich assemblies (right) of Mg AZ31B-H24 
removed at 22 cycles GM 9540P. 
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Figure 45.  Group 2 GM 9540P solution-saturated crevice corrosion sandwich centers of Mg AZ31B-H24 
at 22 cycles GM 9540P. 

 

(c) CorrosionX Aviation 

(b) Carwell AR500 

(a) Untreated 
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Figure 46.  Group 2 CPC-saturated crevice corrosion sandwich centers of AM-355 stainless steel at  
42 cycles GM 9540P. 

 

(a) Untreated 

(b) Carwell AR500 

(c) CorrosionX Aviation 
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Figure 47.  Group 2 GM 9540P solution-saturated crevice corrosion sandwich centers of AM-355  
stainless steel at 42 cycles GM 9540P. 

(c) CorrosionX Aviation 

(b) Carwell AR500 

(a) Untreated 
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Table 45.  Group 2 crevice corrosion weight loss/gain for Mg AZ31B-H24 sandwich center panel in GM 9540P. 

CPC Sandwich Type Initial Mass (g) 2 Cycles 7 Cycles 12 Cycles 17 Cycles 22 Cycles Mass  Loss or Gain (g)
CorrosionX Aviation CPC saturated 9.54 9.54 0.00
CorrosionX Aviation CPC saturated 9.62 9.61 –0.01
CorrosionX Aviation CPC saturated 9.48 9.48 0.00
CorrosionX Aviation CPC saturated 9.53 9.53 0.00
CorrosionX Aviation CPC saturated 9.48 9.49 0.01
CorrosionX Aviation GM 9540P solution 9.47 9.45 –0.02
CorrosionX Aviation GM 9540P solution 9.52 9.39 –0.13
CorrosionX Aviation GM 9540P solution 9.48 9.49 0.01
CorrosionX Aviation GM 9540P solution 9.50 9.56 0.06
CorrosionX Aviation GM 9540P solution 9.48 9.70 0.22

Carwell AR500 (group 2) CPC saturated 9.52 9.52 0.00
Carwell AR500 (group 2) CPC saturated 9.48 9.50 0.02
Carwell AR500 (group 2) CPC saturated 9.59 9.59 0.00
Carwell AR500 (group 2) CPC saturated 9.49 9.50 0.01
Carwell AR500 (group 2) CPC saturated 9.52 9.52 0.00
Carwell AR500 (group 2) GM 9540P solution 9.51 9.50 –0.01
Carwell AR500 (group 2) GM 9540P solution 9.56 9.22 –0.34
Carwell AR500 (group 2) GM 9540P solution 9.55 9.53 –0.02
Carwell AR500 (group 2) GM 9540P solution 9.47 9.74 0.27
Carwell AR500 (group 2) GM 9540P solution 9.52 9.89 0.37
No treatment (group 2) No treatment 9.49 9.48 –0.01
No treatment (group 2) No treatment 9.45 9.36 –0.09
No treatment (group 2) No treatment 9.53 9.22 –0.31
No treatment (group 2) No treatment 9.58 9.34 –0.24
No treatment (group 2) No treatment 9.51 9.34 –0.17
No treatment (group 2) GM 9540P solution 9.54 9.38 –0.16
No treatment (group 2) GM 9540P solution 9.62 9.13 –0.49
No treatment (group 2) GM 9540P solution 9.50 9.38 –0.12
No treatment (group 2) GM 9540P solution 9.51 9.75 0.24
No treatment (group 2) GM 9540P solution 9.45 9.80 0.35  
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Table 46.  Group 2 crevice corrosion weight loss/gain for Al 2024-T3 sandwich center panel in GM 9540P. 

CPC Sandwich Type Initial Mass (g) 2 Cycles 7 Cycles 12 Cycles 17 Cycles 22 Cycles Mass  Loss or Gain (g)
CorrosionX Aviation CPC saturated 22.96 22.96 0.00
CorrosionX Aviation CPC saturated 22.99 22.99 0.00
CorrosionX Aviation CPC saturated 22.92 22.93 0.01
CorrosionX Aviation CPC saturated 22.94 22.95 0.01
CorrosionX Aviation CPC saturated 22.88 22.89 0.01
CorrosionX Aviation GM 9540P solution 22.82 22.83 0.01
CorrosionX Aviation GM 9540P solution 22.93 22.94 0.01
CorrosionX Aviation GM 9540P solution 22.98 22.98 0.00
CorrosionX Aviation GM 9540P solution 22.96 22.96 0.00
CorrosionX Aviation GM 9540P solution 22.97 22.98 0.01

Carwell AR500 (group 2) CPC saturated 22.90 22.91 0.01
Carwell AR500 (group 2) CPC saturated 22.95 22.95 0.00
Carwell AR500 (group 2) CPC saturated 22.97 22.97 0.00
Carwell AR500 (group 2) CPC saturated 22.80 22.81 0.01
Carwell AR500 (group 2) CPC saturated 22.96 22.96 0.00
Carwell AR500 (group 2) GM 9540P solution 22.97 22.98 0.01
Carwell AR500 (group 2) GM 9540P solution 22.96 22.97 0.01
Carwell AR500 (group 2) GM 9540P solution 22.97 22.99 0.02
Carwell AR500 (group 2) GM 9540P solution 22.99 22.99 0.00
Carwell AR500 (group 2) GM 9540P solution 22.97 22.97 0.00
No treatment (group 2) No treatment 22.99 22.99 0.00
No treatment (group 2) No treatment 22.93 22.93 0.00
No treatment (group 2) No treatment 22.92 22.94 0.02
No treatment (group 2) No treatment 22.94 22.95 0.01
No treatment (group 2) No treatment 22.86 22.89 0.03
No treatment (group 2) GM 9540P solution 23.02 23.03 0.01
No treatment (group 2) GM 9540P solution 23.03 23.05 0.02
No treatment (group 2) GM 9540P solution 22.90 22.92 0.02
No treatment (group 2) GM 9540P solution 23.00 23.05 0.05
No treatment (group 2) GM 9540P solution 23.03 23.06 0.03  
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Table 47.  Group 2 crevice corrosion weight loss/gain for AISI 4130 steel sandwich center panel in GM 9540P. 

CPC Sandwich Type Initial Mass (g) 2 Cycles 7 Cycles 12 Cycles 17 Cycles 22 Cycles Mass  Loss or Gain (g)
CorrosionX Aviation CPC saturated 32.72 32.72 0.00
CorrosionX Aviation CPC saturated 34.77 34.76 –0.01
CorrosionX Aviation CPC saturated 34.87 34.85 –0.02
CorrosionX Aviation CPC saturated 34.63 34.62 –0.01
CorrosionX Aviation CPC saturated 34.61 34.60 –0.01
CorrosionX Aviation GM 9540P solution 34.55 34.34 –0.21
CorrosionX Aviation GM 9540P solution 34.59 34.04 –0.55
CorrosionX Aviation GM 9540P solution 34.65 31.87 –2.78
CorrosionX Aviation GM 9540P solution 32.76 33.10 0.34
CorrosionX Aviation GM 9540P solution 33.94 31.23 –2.71

Carwell AR500 (group 2) CPC saturated 34.68 34.66 –0.02
Carwell AR500 (group 2) CPC saturated 34.77 34.72 –0.05
Carwell AR500 (group 2) CPC saturated 34.07 33.93 –0.14
Carwell AR500 (group 2) CPC saturated 34.33 34.25 –0.08
Carwell AR500 (group 2) CPC saturated 34.22 33.96 –0.26
Carwell AR500 (group 2) GM 9540P solution 34.96 34.83 –0.13
Carwell AR500 (group 2) GM 9540P solution 34.55 34.02 –0.53
Carwell AR500 (group 2) GM 9540P solution 34.96 34.45 –0.51
Carwell AR500 (group 2) GM 9540P solution 34.58 32.70 –1.88
Carwell AR500 (group 2) GM 9540P solution 34.75 33.18 –1.57
No treatment (group 2) No treatment 34.87 34.69 –0.18
No treatment (group 2) No treatment 35.07 34.32 –0.75
No treatment (group 2) No treatment 34.58 33.74 –0.84
No treatment (group 2) No treatment 35.01 33.52 –1.49
No treatment (group 2) No treatment 33.72 32.82 –0.90
No treatment (group 2) GM 9540P solution 34.42 34.16 –0.26
No treatment (group 2) GM 9540P solution 33.76 32.95 –0.81
No treatment (group 2) GM 9540P solution 34.88 34.09 –0.79
No treatment (group 2) GM 9540P solution 34.50 32.93 –1.57
No treatment (group 2) GM 9540P solution 35.10 32.29 –2.81  
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Table 48.  Group 2 crevice corrosion weight loss/gain for AM-355 steel sandwich center panel in GM 9540P. 

CPC Sandwich Type Initial Mass (g) 22 Cycles 27 Cycles 32 Cycles 37 Cycles 42 Cycles Mass  Loss or Gain (g)
CorrosionX Aviation CPC saturated 11.15 11.16 0.01
CorrosionX Aviation CPC saturated 11.08 11.09 0.01
CorrosionX Aviation CPC saturated 11.38 11.36 –0.02
CorrosionX Aviation CPC saturated 11.24 11.26 0.02
CorrosionX Aviation CPC saturated 11.47 11.47 0.00
CorrosionX Aviation GM 9540P solution 11.31 11.32 0.01
CorrosionX Aviation GM 9540P solution 11.31 11.29 –0.02
CorrosionX Aviation GM 9540P solution 11.13 11.15 0.02
CorrosionX Aviation GM 9540P solution 11.23 11.23 0.00
CorrosionX Aviation GM 9540P solution 11.34 11.35 0.01

Carwell AR500 (group 2) CPC saturated 11.33 11.32 –0.01
Carwell AR500 (group 2) CPC saturated 11.21 11.21 0.00
Carwell AR500 (group 2) CPC saturated 11.42 11.42 0.00
Carwell AR500 (group 2) CPC saturated 11.09 11.09 0.00
Carwell AR500 (group 2) CPC saturated 11.05 11.05 0.00
Carwell AR500 (group 2) GM 9540P solution 11.47 11.47 0.00
Carwell AR500 (group 2) GM 9540P solution 11.07 11.08 0.01
Carwell AR500 (group 2) GM 9540P solution 11.22 11.22 0.00
Carwell AR500 (group 2) GM 9540P solution 11.33 11.33 0.00
Carwell AR500 (group 2) GM 9540P solution 11.19 11.20 0.01
No treatment (group 2) No treatment 10.89 10.90 0.01
No treatment (group 2) No treatment 11.16 11.16 0.00
No treatment (group 2) No treatment 11.31 11.31 0.00
No treatment (group 2) No treatment 11.13 11.13 0.00
No treatment (group 2) No treatment 11.25 11.26 0.01
No treatment (group 2) GM 9540P solution 11.16 11.16 0.00
No treatment (group 2) GM 9540P solution 11.21 11.24 0.03
No treatment (group 2) GM 9540P solution 11.24 11.20 –0.04
No treatment (group 2) GM 9540P solution 11.07 11.07 0.00
No treatment (group 2) GM 9540P solution 11.22 11.22 0.00  
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Table 49.  GM 9540P cycles to failure for CPC-treated type 1d C-rings. 

Type 1d Specimens – Notched Rods – GM 9450P 
 

Specimen  
No. 

 
Beginning 

Width 
(in) 

 
Final Width at 

Fracture 
(in) 

Cycles 
Until 

Fracture 
(in) 

 
Fracture 
Location 

1 1.964 1.883 0.26 Notch 
2 1.962 1.881 0.37 Notch 
3 1.958 1.877 0.26 Notch 
4 1.963 1.882 0.21 Notch 
5 1.963 1.882 0.21 Notch 
6 1.968 1.887 0.68 Notch 
7 1.967 1.886 0.73 Notch 
8 1.965 1.884 0.73 Notch 

1C 1.964 1.883 0.68 Notch 
2C 1.960 1.879 2.89 Notch 
3C 1.963 1.882 1.42 Notch 
4C 1.967 1.886 4.74 Partial notch 
5C 1.961 1.880 2.89 Notch 
6C 1.965 1.884 4.74 Notch 
7C 1.958 1.877 3.68 Notch 
8C 1.964 1.883 4.68 Notch 
1X 1.964 1.883 2.89 Outside notch 
2X 1.964 1.883 2.89 Notch 
3X 1.963 1.882 1.42 Notch 
4X 1.965 1.884 2.89 Notch 
5X 1.961 1.880 2.89 Notch 
6X 1.963 1.882 3.79 Notch 
7X 1.964 1.883 3.68 Notch 
8X 1.963 1.882 5.74 Notch 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 48.  GM 9540P cycles to failure vs. CPC treatment for type 1d  
C-ring specimens loaded to 65% notch bend fracture 
displacement. 
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3.4 Application, Film Properties, and Removal 

This portion of the study includes some of the more descriptive and anecdotal observations.  All 
of the CPCs as well as the Dexron III exhibited strong odors.  The CorrosionX products and the 
Dexron III exhibited petroleum similarities and had higher viscosity relative to the Carwell 
AR500 product.  The Carwell product had a much stronger odor of solvent and the container 
included a warning on the label for extreme flammability with potential for its vapors to readily 
ignite explosively if allowed to accumulate in poorly ventilated areas.  For that particular reason, 
as mentioned in the Experimental Procedure section, all of the CPC treated panels were allowed 
to ventilate for one full day before any closed chamber cyclic testing was started.  The general 
appearance of the CPCs with respect to color and relative opacity was captured by photographing 
the CPCs in white polyethylene bins at 1-cm depth as seen in Figure 49.  Cone plate viscosity in 
accordance with ASTM D 4287 was measured for each CPC.  The viscosity data are listed in  
table 50.  The aerosolized versions of both Carwell AR500 and CorrosionX Aviation were 
roughly half as viscous as their bulk liquid counterparts.  The Carwell AR500 was by far the 
least viscous of any of the CPCs. 

When the CPCs were exposed to ambient open air, the Carwell product evaporated the fastest 
and left a residual sticky film.  The CorrosionX and Dexron III products evaporated at a much 
slower rate.  The relative evaporation rates for the CPCs became apparent during the application 
and removal testing.  For the large plates of bare aluminum and steel treated with Carwell 
AR500 and CorrosionX Aviation, the CorrosionX Aviation remained liquid and wet to the touch 
in contrast to the Carwell treated plates, especially after two days baking at 60 ºC.  Those panels 
all became tacky to the touch.  When rinsed with deionized water, both the CorrosionX and 
Carwell treated plates, regardless of the dwell temperature, beaded up significantly more than the 
untreated plates.  The untreated plates displayed more uniform, even, film-wetting across the 
entire surface and thus had far lower surface tension.  Figures 50–54 display the differences in 
wetting characteristics among the CPC treated and untreated plates.   

Upon pressure washing with Simoniz Super Power Wash, a mild environmentally benign 
detergent, the CorrosionX product was easily removed with just one pressure wash application 
and displayed similar tackiness to the untreated controls when rubbed with a bare finger for both 
the two day room temperature and 2 day 60 ºC baked plates.  In contrast to the CorrosionX 
Aviation plates, the pressure-washed Carwell AR500 plates remained sticky/tacky when touched.  
As observed in figures 55–59, despite the “clean” tack free feel to the CorrosionX plates, there 
was still a residual component that altered the wetting characteristics enough to cause the 
CorrosionX plates to bead more than the controls.  The surface tension data for Carwell AR500 
plates were scattered with both of the sets of plates showing areas of uniform film wetting mixed 
with beaded regions.  The partial uniform film wetting appearance on portions of the washed 
Carwell AR500 plates was not an indicator of the CPC’s removal, as all of the Carwell AR500 
plates remained sticky with CPC film.  Repetitive pressure washing cycles confirmed the 
Carwell AR500 product to be significantly more difficult to remove than the other compound. 
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Figure 49.  Appearance of CPC liquids–(a) CorrosionX Aviation,  
(b) CorrosionX general purpose, (c) Carwell AR500, and 
(d) Dexron III. 

Table 50.  Comparison of CPC viscosities (ASTM D 4287). 

CPC Liquid Source Viscosity 
(Pa) 

Viscosity 
(cp) 

Carwell AR500 Aerosol 0.0028 2.8 
Carwell AR500 Bulk 0.0056 5.6 
CorrosionX Aviation Aerosol 0.0309 30.9 
CorrosionX Aviation Bulk 0.0713 71.3 
CorrosionX general purpose Bulk 0.0450 45.0 
Dexron III Bulk 0.0581 58.1 

 

 

Figure 50.  Initial appearance of wet untreated plates:  aluminum (left) and steel (right). 
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Figure 51.  Initial appearance of wet 2-day ambient dwell Carwell AR500-treated plates: 

aluminum (left) and steel (right). 

 
Figure 52.  Initial appearance of wet 2-day ambient dwell CorrosionX Aviation-treated 

plates:  aluminum (left) and steel (right). 

 
Figure 53.  Initial appearance of wet 2-day 60 °C baked Carwell AR500-treated plates: 

aluminum (left) and steel (right). 
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Figure 54.  Initial appearance of wet 2-day 60 °C baked CorrosionX Aviation-treated 
plates: aluminum (left) and steel (right). 

 

Figure 55.  Appearance of wet untreated plates after one pressure wash:  aluminum 
(left) and steel (right). 

 
Figure 56.  Appearance of wet 2-day ambient dwell Carwell AR500-treated plates 

after one pressure wash:  aluminum (left) and steel (right). 
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Figure 57.  Appearance of wet 2-day ambient dwell CorrosionX Aviation-treated plates 
after one pressure wash:  aluminum (left) and steel (right). 

 
Figure 58.  Appearance of wet 2-day 60 °C baked Carwell AR500-treated plates after 

one pressure wash:  aluminum (left) and steel (right). 

 
Figure 59.  Appearance of wet 2-day 60 °C baked CorrosionX Aviation-treated 

plates after one pressure wash:  aluminum (left) and steel (right).
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For the 2-day room temperature-aged plates, seen in figures 60 and 61, it took two additional 
pressure wash cycles before most of the Carwell product was removed.  For the 2-day 60 ºC 
heated plates, it took three extra wash cycles to remove most of the Carwell AR500 product.  
Even after the additional washes, there was still visible film and beading, especially on the steel 
plate as seen in figures 62–64.  Additional high-resolution flatbed scans were made of the 
washed plates after drying.  The residual Carwell AR500 film is easily observable in these scans.  
The residual film was visible as swirls on the surface and is shown magnified in figure 65.  The 
Carwell AR500 product was also very visible after GM 9540P exposure.  Representative panels 
of the different CPCs from group 1 on AM-355 after 42 cycles, seen in figure 66, clearly show 
the milky residual film produced by the Carwell AR-500 product. 

 
Figure 60.  Appearance of wet 2-day ambient dwell Carwell AR500-treated plates 

after two pressure washes:  aluminum (left) and steel (right). 

 
Figure 61.  Appearance of wet 2-day ambient dwell Carwell AR500-treated plates 

after three pressure washes:  aluminum (left) and steel (right). 
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Figure 62.  Appearance of wet 2-day 60 °C baked Carwell AR500-treated plates after 

two pressure washes:  aluminum (left) and steel (right). 

 
Figure 63.  Appearance of wet 2-day 60 °C baked Carwell AR500-treated plates after 

three pressure washes:  aluminum (left) and steel (right). 

 
Figure 64.  Appearance of wet 2-day 60 °C baked Carwell AR500-treated plates after 

four pressure washes:  aluminum (left) and steel (right). 
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Figure 65.  Appearance of residual film on dry 2-day 60 °C baked 

Carwell AR500-treated plates after four pressure 
washes on aluminum. 

 
                            (a)                     (b)                   (c)                       (d) 

Figure 66.  CPC residue comparisons on AM-355 general corrosion 
panels from group 1 after 42 cycles of GM 9540P 
(a) untreated, (b) Carwell AR500, (c) Dexron III, and  
(d) CorrosionX general formula.
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To alleviate removal problems, the Carwell manufacturer has proposed an alternative wash 
method employing environmentally friendly citrus oil limonene based cleaners.  The 
manufacturer’s proposal detailing the procedure is supplied in appendix A.  One commercial 
brand of citrus cleaner from Inland Technology Incorporated known as “Citrex” was evaluated 
and found to be extremely effective for removing the tacky film left by Carwell AR500, 
regardless of whether it was aged at room temperature or baked for an extended period at 60 ºC.  
In addition, this citrus-based solvent was also found to be effective for removing CorrosionX.  
While results with this solvent are extremely promising for mitigating removal difficulties of the 
Carwell AR500 product, the effects of citrus oil-based cleaners on various aviation materials are 
presently unknown, and therefore caution is recommended regarding their use.   

In an effort to quantify differences in tackiness for the CPC films, pendulum-damping tests in 
accordance with ASTM D 4366 were conducted.  Table 51 shows the performance of the CPCs 
on polished Carrera glass specimens plotted vs. dwell time at room temperature and when heated 
at 60 ºC.  The Carwell treated panels required the least oscillations per trial to damp the 
pendulum with the heated Carwell panels experiencing the highest degree of damping.  
Interestingly, the CorrosionX treated specimens showed little or no change in film properties 
after an entire week of exposure in both the baked and ambient condition.  Plots of oscillations 
vs. dwell time at ambient as well as at 60 ºC are displayed in figures 67 and 68.  Supplemental 
data with respect to CPC film tackiness are included in debris testing by the  
U.S. Army Aviation and Missile Command included in appendix B.  Additional physical 
properties can be found in the Materials Safety Data Sheets (MSDS) provided in appendices C–I. 

Table 51.  Comparison of CPC films via pendulum-damping oscillations (ASTM D 4366). 

 

4. Discussion 

The goal of this study was to evaluate and quantify the performance of corrosion-preventive 
compounds for U.S. Army aviation applications.  Of particular interest were the Carwell AR500 
and CorrosionX Aviation products qualified under MIL-C-81309E.  As service lives and the 
duration of forward deployments increases for aviation assets, CPCs will be increasingly needed 
and used.  The scope of the corrosion testing in this study was limited to bare metallic alloys.  No 
additional effort was made to assess the impact of the CPCs on coatings such as the  
MIL-P-23377 primer, MIL-C-53039, or MIL-DTL-64159 commonly used on aviation assets.   

Average Average Average Average
None 158 160 164 160.7 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Carwell AR500 at 25° C ambient 167 168 169 168.0 142 141 142 141.7 124 123 123 123.3 124 123 122 123.0
Carwell AR500 at 60° C Bake N/A N/A N/A N/A 108 108 106 107.3 105 104 102 103.7 75 75 74 74.7
CorrosionX Aviation at 25° C ambient 154 157 158 156.3 158 157 159 158.0 160 159 159 159.3 155 157 156 156.0
CorrosionX Aviation at 60° C Bake N/A N/A N/A N/A 155 156 155 155.3 159 158 158 158.3 153 151 151 151.7

CPC Used Readings Readings Readings Readings 
Initial 1 Day 2 Days 7 Days 
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Figure 67.  Comparison of CPC films at 25 °C via average pendulum-damping 

oscillations vs. time (ASTM D 4366). 

 

Figure 68.  Comparison of CPC films at 60 °C bake via average pendulum damping 
oscillations vs. time (ASTM D 4366). 
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For the inhibition of open-air general corrosion of the substrates simulated by the GM 9540P 
accelerated cyclic corrosion testing, the Carwell AR500 performed superior to the others tested 
within both groups of CPCs evaluated.  Interestingly, when the CPCs were initially applied, the 
Carwell AR500 was significantly less viscous than the other CPCs and readily flowed off 
inclined panels in the testing rack, leaving much less residual liquid material than was retained 
for the other more viscous compounds.  If an evaluation of CPCs were conducted based 
primarily upon retention of applied fluid alone, there would likely be significant hesitation with 
respect to the expected performance of Carwell AR500.  However, the Carwell AR500 also 
evaporated much more rapidly and despite the thinness of the initial wet fluid film, a tenacious 
residual layer remained that appeared to be an extremely durable and effective physical barrier 
coating.  The more viscous CPCs such as CorrosionX general purpose formula and CorrosionX 
Aviation, while initially thicker, evaporated at a much lower rate maintaining their fluid 
characteristics, even under elevated temperatures.  This ultimately allowed them to be more 
easily rinsed away during the repeated GM 9540P spray cycles.  Using the pendulum hardness 
procedure to characterize the CPC film layers, the CorrosionX Aviation treated surfaces were 
found to be still wet and saturated with that CPC fluid even after a full week baked at 60 ºC.  In 
addition, these pendulum hardness readings showed little or no change from the initial readings, 
indicating little or no change in the initial fluid nature of the CPC film.  Therefore, it was the 
subsequent physical rinsing away of the “wet” CPC film during the GM 9540P spray cycles that 
was likely the main reason for the lesser performance of the slower evaporating CPCs under the 
general corrosion testing conditions.  

As in the general corrosion testing, viscosity differences and drying characteristics also appeared 
to factor into the crevice corrosion performance.  In the case of crevice corrosion with clamped 
sandwich configured panels, the CPCs with slower evaporation rates performed the best overall 
in GM 9540P exposure.  In the case of sandwich crevice samples with CPC treated interfaces, 
the internal retention of “wet” hydrophobic CPC product also meant that benefits from corrosion 
inhibitor additives were also more likely to be realized.  The CPCs that retained their fluid nature 
were CorrosionX general purpose, CorrosionX Aviation, and Dexron III-compliant transmission 
fluid.  As in the general corrosion evaluation, the Carwell AR500 CPC evaporated quickly, 
leaving behind a film.  However, the evaporation appeared uneven, and the resulting interstices 
permitted entry of corrosive solution allowing corrosion to occur.  Among the two groups of 
CPCs tested in GM 9540P crevice corrosion, both forms of CorrosionX excelled.  At the 
conclusion of GM 9540P exposure, when the sandwich panels were disassembled, the inner 
surfaces and Tyvek spacers were still saturated with the CorrosionX product.  Interestingly, the 
Dexron III internally pretreated sandwiches were also still saturated, yet showed significant 
amounts of corrosion with even a strong odor of rust for the 4130 samples when disassembled.  
In particular, the corrosion present for Dexron III treated Mg was worst, even worse than 
Carwell.  From this Dexron III behavior, it was hypothesized that despite the positive water 
displacement capability, more chemical inhibitor action was needed to limit the crevice 
corrosion.  It is likely that the CorrosionX products excelled from a combination of effects due to 
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physically displacing chloride containing water and the presence of chemical-based corrosion 
inhibitor additives.  In the case of the crevice corrosion sandwiches that were presaturated with 
corrosive GM 9540P solution, the externally applied CPCs’ corrosion mitigation effects were 
much less obvious.  There was some initial performance improvement observed from water 
displacement properties at the edges vs. the untreated controls, but ultimately much of the 
reduction in overall CPC effectiveness with exposure time may have come from the rinsing away 
of water-displacing fluid, allowing for subsequent entrainment of the additional corrosive testing 
solution.  While in the end, the addition of CPCs was definitely better than not having any CPCs 
at all, it is certain that the assembled crevice corrosion sandwiches would have shown much 
greater improvement from the post-assembled application of CPCs had they not been  
pre-exposed to the corrosive solution.  When translated to unit level aviation situations, this 
ultimately means that in order to achieve the maximum benefit from CPCs, aircraft maintenance 
crews should continue to maintain the highest levels of cleanliness and minimize any prolonged 
exposure to chloride rich sources such as seawater.  Current control procedures, such as regularly 
scheduled washes and inspection procedures, maintain aviation unit readiness.  The addition of 
CPCs to maintenance routines should never be interpreted as an excuse for relaxing the existing 
procedures and schedules. 

Due to the limited number of C-ring samples, the evaluation of the CPC effects on stress 
corrosion cracking for 4340 high-strength steel was limited to the two MIL-C-81309E-qualified 
products, CorrosionX Aviation, and Carwell AR500.  The application of these CPCs 
significantly extended the number of GM 9540P cycles to failure.  Given the differing physical 
nature of each compound, it is difficult to attribute whether the benefit from increased SCC 
endurance was purely due to water displacement properties, chemical inhibition of anodic 
dissolution at the crack tip, or from a combination of both.  As in the general corrosion testing, 
the Carwell AR500 product was present until the time of failure.  In comparison, the CorrosionX 
product diminished over the exposure time most likely due to the rinsing effect from the  
GM 9540P solution spray cycles.  The overall benefit was approximately equivalent for both 
CPCs.  Given the high sensitivity of the 4340 substrate material, as shown by the dull Cd plated 
specimens during the ASTM F 519 sensitivity calibration, performance improvement with the 
addition of CPC is significant.  Any decision regarding which of the two CPCs to use should be 
based primarily upon the performance of the CPCs under general and crevice corrosion testing.  
For a high-strength steel loaded component subject to heavy spray and weather where CPC 
retention is needed and frequent re-application is not possible, Carwell AR500 may be more 
suitable.  Alternately, in situations where high-strength SCC susceptible steel components are 
mated or bonded to other components from multiple internal sides, the CorrosionX Aviation 
product that excelled in crevice corrosion would likely be more effective.  As previously 
discussed, in all potential crevice corrosion situations, the greatest care should be taken to ensure 
contaminant-free mating surfaces before applying the CPCs. 
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Additional examination of the CPCs through D-GC-MS revealed some interesting constitutive 
information.  In the case of the Carwell AR500, there were significant amounts of BHT.  BHT is 
an antioxidant that is often used as a food preservative.  In foods, oxygen preferentially reacts 
with BHT, thus extending the edibility of the food and delaying spoilage and thus may similarly 
inhibit oxidation of the metallic substrates (8).  The Carwell AR500 product performed well in 
general corrosion under GM 9540P where there were high oxygen concentrations in the open 
chamber air.  In addition to the resistant film layer, the presence of BHT may have contributed to 
the superior performance of the Carwell AR500 in this situation.  The minimal quantities of BHT 
found in Dexron III may possibly account for its much lower performance vs. the dedicated CPC 
products.  For the CorrosionX products, the unique component found was 2-butoxyethanol (or 
butyl cellosolve), which is best known as a strong solvent often used in cleaners and coatings, 
while still being soluble in water.  The corrosion inhibition properties imparted from the butyl 
cellosolve additive are unknown.   

Overall, the application of CPCs to aviation substrates showed a definite benefit.  Depending on 
the situation and the application, either one of the MIL-C-81309E products tested could be used 
to extend service life of aviation materials.  Key decisions with respect to CPC application and 
removal will need to be made when choosing the CPC that is right for each specific 
environmental exposure situation.  Given the differences in performance between the CPCs 
under the exposure configurations evaluated, conceivably different CPCs could be used on 
various components of the same aircraft.  Cleanliness before application remains the key in 
maximizing the CPC performance.  The addition of tenacious CPCs will likely attract and collect 
more particulates.  However, as long as the existing stringent procedures for aircraft inspection, 
cleaning, and maintenance are followed, the application of approved CPCs to aviation assets 
should still achieve their intended benefits.  Complacency during maintenance operations should 
never be permitted, even if the corrosion-inhibiting performance gains are significant after the 
application of a CPC. 
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5. Conclusions 

1. The application of commercial CPC products to exposed bare metallic surfaces improved 
corrosion resistance in GM 9540P. 

2. Carwell AR500 performed best for inhibition of general corrosion on bare metallic surfaces 
in GM 9540P. 

3. Dexron III-compliant transmission fluid was not an effective “cheap substitute” CPC to 
replace the dedicated CPC products examined for general corrosion in GM 9540P for this 
study. 

4. The application of CPCs prior to contact between surfaces significantly improved resistance 
to crevice corrosion attack under GM 9540P exposure. 

5. Among the CPCs applied prior to contact between surfaces, the CorrosionX products, 
Aviation, and general purpose formulations performed best within their respective groups for 
resistance to crevice corrosion attack under GM 9540P exposure. 

6. Post application of CPCs to exterior edges of prior-corrosive solution exposed mated 
surfaces showed only a small improvement vs. untreated materials under GM 9540P 
exposure. 

7. The application of CPCs to high-strength steels under static in service loads significantly 
extended the cycles to failure under GM 9540P accelerated cyclic corrosion exposure. 

8. The Carwell AR500 product evaporated rapidly and produced a sticky residual film 
compared to the other products evaluated. 

9. The Carwell AR500 product is difficult to remove under normal pressure wash procedures 
and requires the aid of an additional solvent such as limonene to enable ease of removal.  

10. CPCs are most effective when applied to clean, chloride and contaminant-free surfaces. 

11. The addition of CPCs should never replace existing cleaning and maintenance procedures. 
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Appendix A.   Orange Peel Solvent for Removal of Carwell AR500 

                                                 
This appendix appears in its original form, without editorial change. 
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Appendix A – Orange Peel Solvent for Removal of Carwell AR500 
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Appendix B .  U.S. Army Aviation and Missile Command’s Carwell AR500 
Debris Test Report 

 

                                                 
 This appendix appears in its original form, without editorial change. 
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Appendix B – AMCOM Carwell AR500 Debris Test Report 

16 Oct 03 

 

Carwell AR500 Debris Test 
 

13 Aug 03 

 

Status:    Testing begins.  Panels coated and inserted into environmental 
corrosion stand.  The test includes 3 control panels, 3 Hydraulic 
Fluid coated panels, 3 Corrosion X coated panels, and 3 AR500 
coated panels.   

 

Observations: Average coating weights are as follows: 

     AR500-  .11 grams 

     Corrosion X-  .28 grams 

     Hydraulic Fluid- .07 grams 
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2 

27 Aug 03 

Status:    Samples removed, weighed, photographed and 
reinstalled.  Weights remained virtually unchanged.   

Climate:  11 Aug 03- 27 Aug 03 

Total precipitation -  .71 inches 

 Max daily precipitation-  .28 inches 

   Min daily precipitation -  .00 inches 

   Days of .10 inches or greater-  3 days 

   Days of 1.00 inches or greater- 0 days 

Average high temperature- 90.57 F 

   Average low temperature- 70.71 F 

   High temperature-   94.00 F 

   Low temperature-   68.00 F 

Observations:  Upon macroscopic and microscopic examination, AR500 
has the most amount of debris followed by Corrosion X, 
Hydraulic Fluid, and the control.   

 
 Weight Gain 

(%) 
Weight Loss 

(%) 
AR500 0 48 

Corrosion X 0 100 
Hydraulic Fluid 0 83 
Control 0 0 

Conclusion:  All coated samples are losing weight due to loss of 
coatings.  Whether they are losing due to sun or rain will 
be determined after more data is collected.  
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10 Sep 03 

Status:  Samples removed, weighed, photographed, and 
reinstalled.   

Climate:  27 Aug 03- 10 Sep 03 

Total precipitation -  .84 inches 

   Max daily precipitation-  .48 inches 

Min daily precipitation -  .00 inches 

   Days of .10 inches or greater -  2 days 

   Days of 1.00 inches or greater-  0 days 

Average high temperature- 89.23 F 

   Average low temperature- 67.15 F 

   High temperature-   95.00 F 

   Low temperature-   58.00 F 

Observations: AR500 is visually collecting more debris than other test 
panels.     

  Weight Gain 
(%) 

Weight Loss 
(%) 

AR500 28 0 
Corrosion X 14 0 
Hydraulic Fluid 32 0 
Control 0 0 

Conclusion:  The coated samples gained debris weight in this segment.  
Hydraulic Fluid gained large amounts of debris followed 
by AR500, and finally Corrosion X.  However the control 
is virtually free of debris.  Debris gain in this period is 
undoubtedly due to the lack of daily precipitation.  Rain 
in this period totaled .84 inches.  The samples only 
received two days of rain (days of .03 and lesser exempt). 
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17 Sep 03 
Status:  Samples removed, weighed, photographed, recoated 

liberally without cleaning, and finally, reinstalled.  
 
Climate:  10 Sep 03- 17 Sep 03 

 
Total precipitation -  .74 inches 

   Max daily precipitation-  .70 inches 
   Min daily precipitation -  .00 inches 
   Days of .10 inches or greater -  1 day 
   Days of 1.00 inches or greater- 0 days 

Average high temperature- 85.42 F 
   Average low temperature- 59.85 F 
   High temperature-   88.00 F 
   Low temperature-   51.00 F 
 
Observations: As expected there was an increase in weight after 

coating.  Most visually detected debris: AR500.  
Weight/Gain losses prior to recoat: 

 
  Weight Gain 

(%) 
Weight Loss 

(%) 
AR500 28 0 

Corrosion X 14 0 
Hydraulic Fluid 32 0 
Control 0 0 

 
 Average coating weights for recoat are as follows: 
   AR500-  .18 grams 
   Corrosion X-  .58 grams 
   Hydraulic Fluid- .41 grams 
 
Conclusion:  Due to precipitation (prior to recoat) all samples returned to 

uncoated weights.  The samples received .70 inches of 
rain on the third day prior to weighing and this washed 
off all debris and remnants of coatings. 
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1 Oct 03 

Status:  Samples removed, weighed and photographed.   

Climate:  17 Sep 03- 1 Oct 03 

Total precipitation -  3.57 inches 

    Max daily precipitation-  1.96 inches 

   Min daily precipitation -  .00 inches 

   Days of .10 inches or greater - 3 days 

   Days of 1.00 inches or greater-  2 days 

Average high temperature- 83.75 F 

   Average low temperature- 56.00 F 

   High temperature-   88.00 F 

   Low temperature-   42.00 F 

Observations: Most debris: AR500.   

 
  Weight Gain 

(%) 
Weight Loss 

(%) 
AR500 0 91 

Corrosion X 0 98 
Hydraulic Fluid 0 100 
Control 0 0 

Conclusions: The large amounts of rain during this period left the 
samples with very little coating.  The AR500 withstood 
rain the best, but even it lost all but 9% of coating.  It is 
concluded that the number one cause of coating loss is 
rain.   
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15 Oct 03 

Status:  Samples removed, weighed, photographed, and recoated 
without cleaning. 

Climate:  1 Oct 03-15 Oct 03 
Total precipitation -  0.10 inches 

    Max daily precipitation-  0.05 inches 
   Min daily precipitation -  .00 inches 
   Days of .10 inches or greater - 0 days 
   Days of 1.00 inches or greater-  0 days 

Average high temperature- 73.42 F 
   Average low temperature- 49.83 F 
   High temperature-   79.00 F 
   Low temperature-   38.00 F 

Observations: Most visually detected debris: AR500, followed by 
Corrosion X, and Hydraulic Fluid.  The control still 
shows no signs of debris.  Weight Gain/Loss prior to 
recoat: 

  Weight Gain 
(%) 

Weight Loss 
(%) 

AR500 0 13 
Corrosion X 6 0 
Hydraulic Fluid 1 0 
Control 0 0 

 Average coating weights for recoat are as follows: 
   AR500-  .13 grams 
   Corrosion X-  .35 grams 
   Hydraulic Fluid- .28 grams 

Conclusions: In one sense it would appear that the remaining coating 
was washed away.  But, the hydraulic fluid gained 
weight.  Therefore, it would be safe to say that most of 
the coatings were washed away and approximately 1-2% 
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of weight is debris.  This would leave approximately 1-
2% of coating on the AR500 and Corrosion X samples.  
However, AR500 still visually shows a much larger 
collection of debris than the other samples.  However, 
this debris must be of size not measurable in this test.   
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29 Oct 03 

Status:  Samples removed, weighed, and photographed. 

Climate:  15 Oct 03-29 Oct 03 

Total precipitation -  0.85 inches 

    Max daily precipitation-  0.35 inches 

   Min daily precipitation -  .00 inches 

   Days of .10 inches or greater - 2 days 

   Days of 1.00 inches or greater-  0 days 

Average high temperature- 72.36 F 

   Average low temperature- 44.36 F 

   High temperature-   81.00 F 

   Low temperature-   37.00 F 

Observations: Most visually detected debris: AR500, followed by 
Corrosion X, and Hydraulic Fluid.  The control still 
shows no signs of debris.  Weight Gain/Loss prior to 
recoat: 

  Weight Gain 
(%) 

Weight Loss 
(%) 

AR500 0 75 
Corrosion X 0 100 
Hydraulic Fluid 0 100 
Control 0 0 

Conclusions: This period brings about a new aspect of testing.  There 
were two days, which accounted for most of the rain 
during period and all three coated samples lost 75% or 
greater.  This shows that it does  not require large 
amounts or extended rain to remove coatings, short bursts 
are sufficient. 
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12 Nov 03 

Status:  Samples removed, weighed, photographed, and recoated 
without cleaning. 

Climate:  29 Oct 03-12 Nov 03 

 
Total precipitation -  1.39 inches 

    Max daily precipitation-  0.98 inches 
   Min daily precipitation -  .00 inches 
   Days of .10 inches or greater - 3 days 
   Days of 1.00 inches or greater-  0 days 

Average high temperature- 73.38 F 
   Average low temperature- 49.54 F 
   High temperature-   83.00 F 
   Low temperature-   41.00 F 

Observations: Most visually detected debris: AR500, followed by 
Corrosion X, and Hydraulic Fluid.  The control still 
shows no signs of debris.  Weight Gain/Loss prior to 
recoat: 

  Weight Gain 
(%) 

Weight Loss 
(%) 

AR500 2 0 
Corrosion X 4 0 
Hydraulic Fluid 0 0 
Control 0 0 

Average coating weights for recoat are as follows: 
    AR500-  .29 grams 
    Corrosion X-  .56 grams 
  Hydraulic Fluid- .46 grams 

Conclusions: 100 percent of the rain in this period fell on or before day 
7 of 14.  This left 7 dry days to acquire debris and the 
samples reflected this in small but noticeable weight 
gains. 
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26 Nov 03 

Status: Samples removed, weighed, and photographed. 

Climate: 12 Nov 03-26 Nov 03 

Total precipitation -  2.69 inches 

    Max daily precipitation-  1.15 inches 

   Min daily precipitation -  .00 inches 

   Days of .10 inches or greater - 5 days 

   Days of 1.00 inches or greater-  1 days 

Average high temperature- 64.50 F 

   Average low temperature- 41.93 F 

   High temperature-   75.00 F 

   Low temperature-   25.00 F 

Observations: Samples show a noticeable cleaner surface.  Debris can 
still be seen on AR500 and Corrosion X   Weight 
Gain/Loss prior to recoat: 

  Weight Gain 
(%) 

Weight Loss 
(%) 

AR500 0 100 
Corrosion X 0 100 
Hydraulic Fluid 0 100 
Control 0 0 

Conclusions: During the period of 12 Nov- 26 Nov the samples 
received 5 days of .1 inches of precipitation and one day 
of 1.15 inches.  This very wet period removed all 
coatings and left a visually cleaner surface on all 
samples. 
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10 Dec 03 

Status:  End of testing. Samples removed, weighed, and 
photographed for the final time. 

Climate:  26 Nov 03-10 Dec 03 

Total precipitation -  2.85 inches 

    Max daily precipitation-  1.18 inches 

   Min daily precipitation -  .00 inches 

   Days of .10 inches or greater - 4 days 

   Days of 1.00 inches or greater-  1 days 

Average high temperature- 52.86 F 

   Average low temperature- 32.07 F 

   High temperature-   63.00 F 

   Low temperature-   24.00 F 
  Weight Gain 

(%) 
Weight Loss 

(%) 
AR500 0 0 

Corrosion X 0 0 
Hydraulic Fluid 0 0 
Control 0 0 

Observations: Samples have less debris than expected.  Weight 
Gain/Loss prior to recoat: 

Conclusion:  In the previous period samples lost 100 percent of their 
coatings.  In this period there was no gains/losses.  Once 
again rain can be attributed to the lack of debris. 
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General Conclusion:  

   Rain is washing away all of the coatings within 4 weeks 
of environmental testing.  In every period of 1.00” or 
greater of precipitation AR500, Corrosion X, and 
Hydraulic Fluid lose at least 75 percent of their coatings 
within two weeks.  AR500 is visually collecting much 
more debris than the other samples.  However, this debris 
is not showing up as a weight gain.  The weight gain 
associated with this debris must be of such a small 
magnitude that it is a very small percentage compared to 
coated weights.  When unaffected by rain and all of the 
coatings are virtually gone, the test shows a debris weight 
gain. However, the control has no such gain.  The AR500 
and Corrosion X are losing their detectable coating 
weights, but not all of the matter.  The remaining film is 
attracting dust and is our best source of measuring a 
measurable debris gain.  Hydraulic Fluid attracts the most 
debris weight during the test, yet its debris is not as 
visually apparent as the AR500.  One thing has 
dominated this test from beginning to end- AR500 
visually shows more debris/matter than any other sample.  
From this we can conclude AR500 coating withstands 
environmental testing better than other samples because 
it is still attracting debris after four weeks.  However, 
even AR500 will not withstand periods of high 
precipitation.  During periods of high precipitation 
AR500 and Corrosion X need to be recoated every two 
weeks.      
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Appendix C.   Carwell Aerosol MSDS 

                                                 
  This appendix appears in its original form, without editorial change. 



 

 106

Appendix C – Carwell Aerosol MSDS 
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Appendix D.   Carwell Bulk MSDS 

                                                 
 This appendix appears in its original form, without editorial change. 
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Appendix D – Carwell Bulk MSDS 
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Appendix E.   CorrosionX General Purpose Aerosol MSDS 

 

 

 

 

 

 

 

 

                                                 
 This appendix appears in its original form, without editorial change. 
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Appendix E – CorrosionX General Purpose Aerosol MSDS 
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Appendix F.   CorrosionX General Purpose Bulk MSDS 

                                                 
 This appendix appears in its original form, without editorial change. 
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Appendix F – CorrosionX General Purpose Bulk MSDS 
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Appendix G.  CorrosionX Aviation Aerosol MSDS  

 

                                                 
 This appendix appears in its original form, without editorial change. 
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Appendix G – CorrosionX Aviation Aerosol MSDS 
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Appendix H.   CorrosionX Aviation Bulk MSDS 

                                                 
 This appendix appears in its original form, without editorial change. 
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Appendix H – CorrosionX Aviation Bulk MSDS 
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Appendix H – CorrosionX Aviation Bulk MSDS 
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Appendix I.   Dexron III MSDS 

 

 

                                                 
 This appendix appears in its original form, without editorial change. 
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Appendix I – Dexron III MSDS 
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COPIES ORGANIZATION COPIES ORGANIZATION 
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 1 DEFENSE TECHNICAL 
 (PDF INFORMATION CTR 
 ONLY) DTIC OCA 
  8725 JOHN J KINGMAN RD 
  STE 0944 
  FORT BELVOIR VA 22060-6218 
 
 1 US ARMY RSRCH DEV & 
  ENGRG CMD 
  SYSTEMS OF SYSTEMS 
  INTEGRATION 
  AMSRD SS T 
  6000 6TH ST STE 100 
  FORT BELVOIR VA  22060-5608 
 
 1 INST FOR ADVNCD TCHNLGY 
  THE UNIV OF TEXAS  
  AT AUSTIN 
  3925 W BRAKER LN STE 400 
  AUSTIN TX 78759-5316 
 
 1 US MILITARY ACADEMY 
  MATH SCI CTR EXCELLENCE 
  MADN MATH 
  THAYER HALL 
  WEST POINT NY 10996-1786 
 
 1 DIRECTOR 
  US ARMY RESEARCH LAB 
  IMNE AD IM DR 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 
 
 3 DIRECTOR 
  US ARMY RESEARCH LAB 
  AMSRD ARL CI OK TL 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 
 
 3 DIRECTOR 
  US ARMY RESEARCH LAB 
  AMSRD ARL CS IS T 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 

ABERDEEN PROVING GROUND 
 
 1 DIR USARL 
  AMSRD ARL CI OK TP (BLDG 4600) 
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 30 USA RDECOM 
  AMSRD AMR 
  AMSRD AMR PS AM  
  S CARR (10 CPS) 
  K BHANSALI (10 CPS) 
  M KANE (10 CPS) 
  BLDG 4488 B266 
  REDSTONE ARSENAL AL 35898  
 
 3 US ARMY TACOM  
  C HANDSY 
  6501 EAST ELEVEN MILE ROAD 
  WARREN MI 48397-5000 
 
 2 COMMANDER 
  NSWC 
  CARDEROCK DIVISION 
  A D SHEETZ 
  R A HAYS 
  CODE 613 
  9500 MACARTHUR BLVD 
  WEST BETHESDA MD 20817-5700 
 
 3 NAVAIR 
  C MATZDORF 
  B NICKERSON 
  S SPADAFORA 
  CODE 4341 
  48066 SHAW RD BLDG 2188 
  PATUXENT RIVER MD 20670-5304 
 

2 HQ US ARMY MATERIEL CMD 
  H E MILLS JR 
  9301 CHAPEK RD 
  FT BELVOIR VA 22060-5527 

ABERDEEN PROVING GROUND 
 
 25 DIR USARL 
  AMSRD ARL WM BD 
   S PIRAINO (2 CPS) 
  AMSRD ARL WM M 
   J BEATTY (2 CPS) 
  AMSRD ARL WM MC 
   S GRENDAHL (2 CPS) 
   T MILLER (2 CPS) 
   C MILLER (2 CPS) 
   B PLACZANKIS (15 CPS) 
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